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lage  1. 

Ccrrespcnd ing  neither  of  Acadeay  of  sciences  of  the  USSR. 

V.  Ye.  Zu?ev. 

Heste tn-Siber ian  book  publishing  house  publishes  for  the  wide 
circle  cf  the  readers  of  the  series  of  the  books,  which  tell  about 
■ost  argent  probleas  and  prospects  for  sc iertific- technical 
revolution  under  conditions  of  Siberia.  Their  authors  are  scientific 
SO  AN  USSR  [C-cbt*  ecc  P  -  Siberian  Departs  ent  of  the  Acadeay  of 
Sciences  of  the  USSR]  and  leading  specialists  of  the  industrial 
enterprises  of  iestern  Siberia. 

Series  "Science  -  to  production"  includes  the  books,  dedicated 
te  experiaent  in  the  introduction  in  the  national  econoay  of  the 
autoaeted  control  systcas,  to  collaboration  cf  Siberian  scientists 
with  the  toilers  of  agriculture  on  eguipaent  of  state  fares  and 
kolkhozes  by  all  gadgets,  coaauricatiop/ccntections  of  fundaaental 
sciences  and  industry,  principal  direction*  of  scientific- technical 


ECC  =  78172301  PAGE  2 

revelation*  lost  significant  discoveries  and  achieve  Bents  of  the 
scientific  collectives  cf  SC  At  OSSE. 

Vhe  becks  fros  series  "Continent  of  the  future"  show  the  place 
of  Siberia  in  all-Onion  division  cf  labor  ard  the  role  of  its  natural 
resources  in  further  development  of  socialist  productive  forces* 
system  of  the  store/adding  up  ard  already  existing  national-economic 
complexes*  path  and  scientific  methods  of  the  solution  of  the 
large/coarse  economic  prcblems  cf  Siberia*  connected  with  the 
adcelferated  development  of  productive  fortes  of  the  East  areas  of  the 
country. 

Page  2. 

LASER  CONQUERS  THE  SKY 


Page  9.  Mo  Typing. 


The  creaticn  of  lasers  with  their  surprising  properties  opens 
exclusively  tempting  prospects  for  their  manifcld  application/uses 
virtually  in  all  areas  of  science  and  techrclcgy. 
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Special  place  is  occupied  by  lasers  in  the  comaun icating 
systeas,  transmission  of  information,  location,  ultra- prec ise 
deter ainaticr  cf  distance  of  the  distant  ob ject/sub jects ,  reaote 
investigation  of  different  atmospheric  phenoaena  which  determine 
processes  of  weather  and  climate  fcrmation. 

the  progress  in  the  use  of  lasers  in  all  systeas,  workers  under 
ccrditicns  of  the  atmosphere,  first  of  all  depends  on  our  knowledge 
abcut  interaction  of  laser  eaissicn/radiaticn  with  coupler  and 
variable  medium  -  the  atmosphere.  The  proposed  to  the  reader  book  is 
dedicated  to  different  aspects  of  this  problem;  in  it  are  examined 
guesticns  of  the  absorption  of  laser  energy  by  atmospheric  gases, 
scattering  it  by  aerosols,  the  effect  cf  tmrbulence  of  the  atmosphere 
cf  the  parameters  of  laser  beams,  the  so-called  nonlinear  effects, 
which  accompany  the  propagation  of  powerful /thick  laser 
emission/radiation .  Special  attention  is  given  to  the  problem  of  the 
laser  scunding  cf  the  atmosphere.  Author  of  the  book  is  a 
corresponding  member  of  the  Academy  of  scierces  of  the  USSR  and 
doctor  cf  physicoaathematical  sciences. 

The  beck  is  intended  for  the  wide  circle  of  the  readers,  workers 
in  the  region  of  optics  and  spectrcsccpy  cf  the  atmosphere, 
aetecrclogy,  geophysics,  astrophysics,  specialists,  connected  with 
the  development  of  different  optical- electronic  instruments. 
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Face  5. 

IN 1R0B  tCTIC  N  . 

Tc  quantum  electronics  and  its  creation  -  laser  technology  - 
belongs  the  outstanding  role  in  further  developaent  of  society.  It  is 
connected  with  the  whole  series  of  the  surprising  properties  of  laser 
ea  issicn/radiation ,  which  create  the  tempting  prospects  for  its  use 
virtually  in  all  spheres  of  huwan  activity. 

Vhe  creation  of  lasers  significantly  ccntributes  to  the 
developaent  cf  the  qualitatively  new  stage  of  the  practical 
■astery/adoption  of  the  scale  range  of  the  electroaagnetic  waves  - 
one  of  the  aost  iaportant  probleas  of  scientific-technical  progress. 

The  optical  range  of  the  electroaagnetic  waves  is  utilized  by 
van  frca  iaaeaorial  tiaes.  It  suffices  to  say  that  our  environaent  we 
see  with  the  aid  of  optical  waves,  and  huaaf  eye  -  an  unsurpassed 
indicator  and  the  receiver  cf  optical  radiation.  The  first  stage  of 
its  rapid  developaent  cf  optician  it  survived  long  before  discovery 
cf  radio  waves  and  inveiticc  of  radio.  "Optical  revolution"  is 
corrected  with  the  creation  of  instruaents  which  significantly 
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expanded  the  possibilities  cf  human  eye  during  the  investigation  of 
macrodosm  (telescopes)  and  of  lictcccsn  ( licccscopes) . 

The  following  noticeable  landmark  in  tie  development  of  optics 
became  discovery  of  the  spectra  of  substances.  Spectroscopy  and 
spectral  analysis  played  and  they  continue  to  play  the  outstanding 
cole  in  the  invest icat icn  of  the  structure  cf  latter. 

Cage  6. 

Jr  the  second  half  XIX  century.  Maxwell  theoretically 
demonstrated  the  existence  cf  radic  waves,'  and  Hertz  re vea  1/de tected 
thei  ir  experiment,  after  eipressing  them,  however,  the  doubt  apropos 
of  the  practical  value  of  its  discovery.  But  in  1895  outstanding 
Fucsian  physicist  A.  S.  Popov  transmitted  the  first  roentgenogram  and 
thereby  placed  the  fourdation  of  the  mastery/adoption  of  the 
radio-frequency  range  of  the  electromagnetic  waves.  Optics  by  that 
tiae  was  the  sufficiently  developed  science. 

Radio  waves  soon  became  basic  coamun icaticns  of  society. 
Scientists  and  engineers  shortly  tamed  radic  waves,  after  making  then 
by  a  peculiar  coachman,  with  the  speed  of  light  carrying  information 
up  to  enormous  distances.  Hcdern  life  is  net  pcssible  to  visualize 
withewt  radic  communication,  racar,  television. 


_ 


DCC  =  78172301 


PAGE  6 


Occurred,  it  seeaed,  the  paradoxical  phene xenon:  the  radio 
waves*,  discovered  such  later  than  optical  waves,  they  considerably 
rather  fcund  practical  application/use.  while  the  electroa agnet ic 
waves  of  r adio- frequency  range  extreaely  viclertly  invaded  the  sphere 
cf  cca v unica ticn/c cnnecticn ,  the  a  aster y/a dept  ion  of  optical  range 
for  the  transaissi on  of  information  progressed  forward  extreaely 
slowlf.  Scientists  and  engineers  fer  a  long  tiae  did  not  have  sources 
and  radiaticn  detectors  which  could  coapete  with  sources  and 
receirers  of  radio  waves. 

The  creation  of  lasers  opened  the  coapletely  unexpected 
pcssibilities  of  using  the  optical  wave  band  of  electroa agnet ic 
ealssion/r adiation .  First  of  all  discussion  deals  with  the  use  of 
optical  waves  for  the  transaission  of  inforaation,  location, 
ultra-precise  deter linaticn  of  distance  of  the  distant 
clrject/sub  jects.  Then  becaae  obvious  the  prospect  of  their 
appli<tation/use  for  the  reacts  sensing  cf  the  ataosphere  for  purpose 
cf  da*ta  fieding  on  the  pressure,  the  density,  the  teaperature,  the 
huaidity,  the  wind,  the  clouds,  the  aercscla  a-nd  other  ataospheric 
paraaeters. 

Pace  ?. 


/ 
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The  emission  frequency  of  laser  in  million  or  more  times  is 
higher  than  the  frequency  of  radio  wave  range.  This  means  that  and 
the  quantity  of  different  irfcrnaticn,  which  can  transmit  laser  beam, 
in  truth  itfirite  in  comparison  with  the  informative  ability  of  radio 
wavesi  But  in  connection  with  the  extreme  narrcwness  of  the  emitted 
by  laser  section  of  wavelengths  (about  the  lillionth  portion  of  the 
value  of  wavelength),  the  laser  communication  line  can  virtually  work 
without  interferences,  since  overwhelming  najcrity  by  their  it  is  not 
difficult  to  cut  off  narrow-batd  interference  filters. 

Small  divergence  of  laser  emission  provides  the  possibility  of 
the  transmission  of  information  to  extremely  large  distances,  so, 
already  on  the  contemporary  level  of  development  of  laser  technology 
it  is  possible  to  accomplish  interplanetary  two-way  communication 
within  the  limits  of  the  .Solar  system. 

The  use  of  lasers  in  locating  and  ranging  systems  promises  an 
essential  increase  in  the  accuracy  of  location  and  measurements. 

Laser  locators  are  capable  to  reveal/detect  object/subjects  by 
size/dimensiciys  into  the  tenths  of  meter,  which  are  located  beyond 
several  kilometers,  of  determining  the  geometric  form  of 
large/coarser  objects.  The  accuracy  of  measurements  virtually  depends 


_  -,v 
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ret  co  distance,  but  on  duration  and  slope/transconductance  of  laser 
pu>lse.  Contemporary  laser  range  finders  measure  the  distance  with  an 
accuracy  to  decimeters. 

If  we  utilize  for  laser  range  finding  *ot  a  tine  interval 
between  the  laximums  of  that  enitted  and  reflected  fron  the 
target/purpose  of  mcmentui/impulse/pulses,  but  cne  of  the  newest 
setheds  of  the  study  of  the  distortions  of  wave  front,  then  it  is 
possible  to  neasure  the  distances  with  the  accuracy  of  the  order  of 
the  wavelength  of  emissicn/radiat  ion,  i.e'.,  tc  the  portions  of 
sicrccs.  under  nanagenent/nan ual  author  one  of  such  methods  they 
develpp/process  in  the  institute  of  cptics  cf  the  atmosphere  of  SO  AN 
US  SB. 


The  contemporary  methods  cf  spectral  analysis  make  it  possible 
tc  detect  the  traces  of  different  substances  under  quite  diverse 
conditions.  Are  already  investigated  the  spectra  of  the  hugest 
quantity  of  scbstances  in  sclid,  liguid  and  gaseous  state. 
Kevertheless,  the  possibilities  of  spectrcsccpy  far  are  not 
exhausted. 

Page  8. 

As  interference  serves  the  limited  resolution  of  spectrometers.  Even 


-  in. 
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tti«  best,  lost  unique  spect roieters  in  which  are  utilized  the 
classical  nethods  of  production  of  a  spectrin,  thus  far  cannot  give 
free  frcn  distortions  picture  during  the  investigation  of  substance 
in  gaseous  state.  Meanwhile  the  scluticc  cf  this  problen  -  each 
spectroscopist* s  drean,  since  the  completely  solved  and  un distorted 
spectra  of  atsorpt  ion  of  substances  in  gas  fhase  contain  the  nost 
cciplete  information  about  intra-  and  inter  no  locular  interactions, 
about  the  nechanisn  of  interaction  of  world/light  with  substance. 

In  order  to  obtain  the  clear  and  undistorted  spectra  of  the 
majority  of  substances  in  tie  gasecus  state,  it  is  necessary  to 
attain  spectral  resolution,  which  is  measured  by  the  thousanths  of 
kayser.  The  expressed  in  kaysers  wavelengths  cf  laser  emission  are 
equal  to  approximately  1C3- 10*.  So  the  enission/radiat  ion  of  the  nost 
widely  used  lasers  on  ruby  and  on  carbon  dioxide  has  a  wavelength  of 
approyinately  14,500  and  940  kaysers  ». 

FCCTMQ1E  *.  In  optics  for  ncasnring  tie  wavelengths  of 
emissicn/radiation ,  are  utilized  kayser  (cm'*),  Angstrom  (A), 
rare  ie ter  (the  billionth  of  meter),  microns  (p)  ,  millimicron  (nm).  1 
ci"‘  *  30,000  MHz-  1  p  =  10,00c  ft.  Por  translation/conversion  of 

wavelergth  of  emission/radiaticn ,  expressed  in  Angstrom,  into  kaysers 
one  should  remember  that  these  values  conversely  are  proportional  and 

their  value  coincide  for  wavelength  1  p,  which  is  equal  to  1Q000  A, 

or  10,000  cm-1.  ENDFOOTNOTE. 
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Thus,  the  required  spectral  resolution  is  characterized  by  the  value, 
which  comprises  the  aillicnth  ard  even  decaaillion  portions  of  the 
length  cf  c re  waves.  The  best  spectrometer s  have  resolution  by  an 
order  below  and  cannot  give  the  spectra,  free  froa  distortions. 

Tc  obtain  the  spectra  of  substances,  in  that  fora,  in  which  they 
exist  in  nature,  important  practical  prcblei.  In  particular,  only 
having  ccwpletely  sclved  undistorted  spectra,  we  can  guantitatively 
rate/estinate  the  losses  of  laser  eaissio>n/radiation  during  its 
prcpagation  in  gaseous  aediua  (in  the  ataosphere). 

Face  9. 

Scluticn  of  the  pxoblea  of  obtaining  tie  spectra  of  substances 
cf  superhigh  resolution  will  give  to  us  not  only  new  knowledge  about 
the  structure  cf  aatter,  but  also  it  will  beccae  new  developaent 
stage  cf  optics  and  of  practical  aastery/adopt ion  of  the  optical 
range  of  the  elect rcaagnetic  waves. 

The  outstanding  rcle  in  the  new  blooa  cf  spectroscopy  will  play 
lasers.  The  connection  cf  two  properties  cf  laser  enissioa/radiation 
-  high  acncchicaaticit y  and  ability  to  control  a  change  ia  the 
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wavelength  -  serves  as  fcasis  of  nev  in  principle  promising  nethod  of 
spcctzcscopy  of  superb Igh  resolution.  New  we  already  can  speak  about 
the  first  results  of  its  realizaticn.  Under  the  author's  guidance  in 
the  Srstitcte  of  optics  of  the  ataosphere  of  SO  AN  USSR  and  in  the 
latcratcry  cf  infrared  radiations  of  Siberian  physiotechnical 
institute  by  Toask  state  university  is  created  the  first  laser 
spectscseter  with  the  aid  of  which  is  investigated  the  spectrus  of 
absorption  of  the  earth's  ataosphere  ip  area  cf  laser  enission  on 
ruby. 


Laser  technology  opens  coapletely  new  possibilities  in  the 
solution  of  this  general  hutan  problea  as  the  prcblea  of  short  tern 
and  lcrg~range  weather  forecasts.  Its  successful  solution  has  the 
encrapus  national  econcaic  value.  It  is  calculated,  for  exaaple,  that 
an  increase  in  the  authenticity  cf  the  forecast/predictions  in  all  by 
Ic/c  Capable  of  giving  to  ocr  country  to  1  billion  rubles  of  annual 
eccncaic  effect. 

Jt  seeas  at  first  glance  incoaprehens ible,  what  ratio/relation 
to  weather  forecasting  have  lasers.  However,  entire  problea  of 
precise  weather  forecasting  can  be  divided  into  three  independent  and 
connected  pzebleas:  1)  the  accuaulation  of  the  initial  data  on  the 
atnospberic  paraneters;  2)  the  creaticn  of  aathenatical  theories  and 
algorithas  cf  the  f crecast/predict ions  of  a  change  in  the  atnospberic 
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paraaeters  in  tine  and  space;  3)  calculations  in  electronic 
cc  aputers. 

The  successful  solution  of  an  entire  problea  assuaes  the 
siaultaneous  realizaticn  cf  the  prcbleas  comprising  it. 

Page  10. 

New  aost  successfully  is  sclved,  perhaps,  the  second  problea.  To 
this  ccnsidetably  ccntzibctes  the  work  of  the  collective  of  the  data 
processing  center  of  SC  AN  GSSR.  The  firs*  and  third  tasks  do  not 
have  aaterial  basis  far  resolution  on  con*esporary  standard  of 
knowledge,  the  initial  data  on  the  ataospbexic  parameters  which  we 
now  dispose  of,  are  characterized  by  the  essential  deficiency/lacks 
the  sain  thing  froa  which  -  low  three-diaepsioqal/space  and 
tiae/teaporary  density.  In  ether  words,  the  worldwide  network  of 
hydroeeteorological  stations  Is  placed  on  planet  very  unevenly.  More 
than  two*  third  Earth  are  occupied  with  cceaps  and  seas,  and  the 
inferaation  about  the  atnospheric  paraaeters  above  then  are  very 
scanty.  Tes  even  op  dry  land  the  arrangeaent/pcsition  of  stations  far 
from  perfection.  It  is  clear,  for  exaaple,  that  on  the  enornous 
spaces  of  Siberia  it  is  net  possible  to  create  so  dense  a 
griid/eetwork  of  weather  stations  as  in  the  European  part  of  the 
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further.  Basic  part  cf  the  metec rc logical  information  to 
specialists  give  gicund-based  measurements.  A  guantity  of  information 
abcut  the  atmospheric  parameters  sharply  decreases  in  proportion  to 
increase  in  altitude.  Finally,  even  greund-tased  measurements, 
despite,  the  apparent  completeness,  bring  the  data  far  not  on  all 
processes,  which  affect  weather  formation.  As  a  rule,  are  not 
veasured  ccncentra tion  and  si2e  of  the  particles  of  the  aerosols, 
concentration  of  a  series  of  the  atmospheric  gases,  which  absorb 
sclar  radiation. 

Vhe  insufficient  supply  of  material  for  successful  solution  of 
the  third  task  is  manifested  in  the  fact  that  are  absent  the 
electronic  computers  with  the  high  speed  operation  and  the  enormous 
memory.  Discussion  deals  with  tens  of  millions  cf  actions  per  second 
and  memories  in  millions  of  signs.  Eapid  development  of  electronic 
computational  technology  gives  to  us  complete  confidence,  that  in  the 
near  future  we  will  have  such  machines.  To  much  more  complexly  solve 
the  thsk  of  the  collection  cf  information  of  the  state  of  the 
atmosphere. 

lags  11. 
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She  utilized  at  present  aethods  of  ground-iased  aeasureaents  and 
aerological  sounding  of  the  ataosphere  virtually  exhausted  thenselves 
and  they  cannot  give  the  total  characteristic  cf  the  aeteorological 
parameters  cc  planetary  scale.  The  aost  widely  used  echo  aethod  of 
the  ataosphere  by  the  radiosondes,  suspend/hung  to  the  filled  with 
hydrogen  t ank/tallocns,  gives  tc  us  the  data  ca  the  pressure,  the 
teipezature,  the  wind  and  the  huaidity  to  height/altitudes 
approximately  in  30  lea,  aoreover  the  data  on  haaidity  are  accurate 
caly  tc  the  fceight/alt itudes  of  10-12  kx.  Naxiaua  altitude  radiosonde 
it  reaches  fer  1.5-2. 0  hours  of  the  controlled  hy  the  wind  flight. 

The  ceiling  of  aircraft  sounding  is  still  less.  Furtheraore, 
aircraft  in  flight  agitates  the  ataosphere,  which  noticeably  affects 
the  results  cf  aeasureaents.  Tie  ceiling  of  the  rocket  sounding  of 
the  ataesphere  coapletely  can  satisfy  the  necessity  of  practice. 
However,  in  this  case  it  is  necessary  to  consider  effect  on  the 
results  of  the  aeasureaents  of  the  disturbijg  action  of  recket. 
Hcteover  rccket  soanding  is  very  expensive. 

Consequently,  the  solution  of  the  task  of  tbe  collection  of  the 
initial  date,  necessary  for  reliable  weather  fcrecasting,  is 
cccnefcted  with  the  developaent  of  new  aethods  of  the  study  of  the 
ataosphere.  It  is  not  possible  to  correctly  predict  the  trend  of 
develcpaent  cf  ataospheric  phencaena,  without  possessing  reliable 
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infcraatioc  abcut  their  state  at  each  given  acacnt  of  tiae. 

icy  of  the  new  aethods  of  study  ataoaphere  aust  be  reaote,  i.e., 
it  aust  give  inforaaticn  during  measurements  at  different  distances 
frca  the  utilized  instruaent.  In  order  to  obtain  the  necessary 
inforaation,  it  is  necessary  tc  simultaneously  aeasure  the 
atmospheric  parameters  on  an  entire  planet. 

Page  42. 

Sc,  if  we  place  stations  at  a  distance  of  3C0  ka  froa  each  other, 
then  in  order  to  evenly  cover  with  then  entire  surface  of  the  Earth, 
tfaca  is  necessarily  aore  than  1yCC0jCC0.  Each  station  siault aneously 
asst  seasure  several  ataospteric  paraaeters  (as  the  ainiaua  - 
temperature,  pressure,  force  and  direction  of  the  wind,  huaidity)  at 
least  at  IQ  different  height/altitudes.  Thss,  the  voluae  of  the 
obtained  infcraatica  nest  contain  tens  of  aillions  of  values. 
Eurtheraore,  the  ceiling  cf  sounding  asst  be  brought  at  least  to  100 

mu 


Is  de velcp/processed  at  present  a  series  of  the  aethods  of  the 
reaote  sensing  of  different  ataospteric  paraaeters:  radar,  laser, 
acoustic  a td  aethod,  instituted  on  of  the  acasereaents  of  the 
spectral  coaposition  of  the  outgoing  into  (fesaos  thernal 
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eaission/radiation .  Each  cf  then  has  their  advantages  and 
disadvantages.  Howeier,  great  fno  aeanings)  in  laser  sounding. 

The  prospect  of  the  aethod  of  laser  sgunding  is  first  of  all 
defined  by  the  diversity  of  the  coupling  effects  of  laser 
eaission/radiation  with  the  atscsphere  as  acdius,  with  ataospheric 
gases,  aercscls,  tacbulent  heterogeneities.  It  is  not  less  iaportant 
that  the  easily  attainable  short  doraticn  cf  the  sounding  laser 
pulses  provides  fantastically  high  spatial  resclution  of  the  results 
cf  soending,  unthinkable  with  ether  aethods.  Sc,  only  by  lasers  it  is 
{cssible  tc  ccapletely  investigate  the  dyoaaics  of  cloud  aith  the 
detailed  check  of  the  physical  conditions  of  the  very  snail  voluae  of 
the  a£diua  where  these  processes  occur.  The  high 

three-diaensional/epace  and  tiae/tenporarf  resclution  of  the  results 
cf  soending,  the  possibility  of  obtaining  continuous  profile  of  any 
ataospheric  paraaeter  in  the  ptedeterained  direction,  the  rapidity  of 
the  scluticn  of  task,  caused  by  the  fact  t^at  the  signal  is  spread 
with  the  speed  of  light  and  here,  alaost  Instantly  is  processed  on 
high-speed  electronic  conputer,  the  relative  cheapness  of 
investigation  -  thus  those  reaarkable  special  feature/peculiarities 
cf  the  aethed  of  the  laser  sounding  which  provide  to  it  large  future. 
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The  intrcd  cction  of  laser  sounding  into  the  worldwide  network  of 
bydrceeteorclogica 1  stations  revolutionizes  the  aethods  of  the  study 
cf  the  ataosphere.  Is  extrevely  prciisirg  the  «se  of  a  laser  probe  of 
the  ataosphere  froa  onboard  of  artificial  lerth  satellites  or  lasting 
orbital  stations.  In  this  case  the  preblea  cf  data  collection  on  the 
atacsfheric  paraaeters  is  solved  on  global  scale. 

the  realization  of  the  possibility  of  the  vide  application  of 
lasers  in  coaaunicating  system,  for  the  traisaission  of  inforaation, 
lccaticn,  fer  the  ultra-precise  deterainat ion  of  distance  of  distant 
subjects,  in  locators  for  sounding  of  the  ataosphere  and  so  forth 
depends  substantially  cn  the  knowledge  cf  the  phenonena  of 
interaction  cf  laser  bean  with  the  earth's  ataosphere.  It  is  possible 
to  confidently  say  that  precisely  the  ataosphere  with  its  manifold 
properties,  which  are  changed  both  in  space  and  in  tine,  aost 
frequently  pro ject/eaer ges  as  judge,  whe  arc  deteraining  the  fate  of 
cne  or  the  ether  practical  use  of  a  laser  -  therefore  the  study  of  the 
preblea  of  interaction  of  laser  ea ission/r adiation  with  ataospheric 
has  evclusively  iaportant  value. 

In  1956  three  colleagues  (including  this  author)  of  the 
laboratory  of  spectroscopy  cf  Siberian  phy sicotechno logical  institute 
with  Tcask  university  they  began  tc  investigate  the  laws 

governing  the  propagation  of  the  electros agnetic  waves  of  optical 
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raege  in  the  atmosphere.  In  1960  in  institute,  was  created  the 
laboratory  of  infrared  radiaticcs.  on  its  basis  in  1962  in  Tomsk 
cniversity  was  opened  the  department  of  the  optical- electronic 
instruments,  and  in  1969  was  created  the  Institute  of  optics  of  the 
atmosphere  of  SO  AN  USSR. 

Fage  14. 

New  scientific  collective  was  yearly  supplemented  by  graduates 
cf  Tomsk  university,  which  began  their  work  in  laboratory  from  the 
third  course.  Quantitative  growth  cf  the  collective  was  accompanied 
by  the  corresponding  e  ipansion  of  the  emitted  problems. 

Virst  was  studied  the  integral  (total)  transparency  of 
atmospheric  boundary  layer  in  tbe  infrared  region  of  the  spectrum.  It 
seem  became  it  is  clear  that  for  explaining  those  or  other  values  of 
the  integral  transparency  of  tbe  atmosphere  it  is  necessary  to  know 
the  spectral  transparency,  which  always  depends  on  two  basic 
components  -  absorption  by  atmospheric  gases  and  scattering  on 
aticspheric  aerosols. 

Vc  the  tine  of  the  appearance  of  lasers  in  our  collective  was 
investigated  a  series  of  laws  governing  of  absorption  and  scattering 
cf  visible  and  infrared  radiations  in  diffnrent  narrow  regions  of  the 
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spectrum.  The  basic  results  of  work  are  generalized  in  author*s 

the  "Transparency  of  the  atmosptere  for  the  visible  and 
infrared  rays",  published  by  publishing  house'^cvetskoe  € adio"  in 
1966. 


The  creation  of  guantun  generators  a<nd  the  possibility  of  their 
application  in  the  coaaunicating  systems,  transmission  of  information 
and  so  forth  served  as  powerful/thick  jerk/impolse  to  the  studies  of 
the  lavs  governing  the  propagation  of  laser  eaiss ion/radiation  in  the 
atvospfcere,  initiated  into  1963.  They  fcecaac  the  new  stage  of  our 
vork  whose  success  to  a  considerable  degree  vas  caused  by  the 
scientific  luggage  of  the  preceding/previous  years. 

These  leading  in  the  institute  of  optics  of  the  atmosphere  of  SO 
AN  CSSS,  in  the  laboratory  cf  infrared  radiations  of  Siberian 
physiptechnical  institute  and  in  the  depaxtaent  of  the 
optical-electronic  instruments  of  the  works,  dedicated  to  the 
propagation  cf  laser  emission,  virtually  cover  all  aspects  of 
problem.  Comprehensive  experimental  and  theoretical  studies  connect 
the  detailed  study  cf  the  spectra  of  absorptiop  of  atmospheric  gases, 
scattering  of  eaission/radiat ion  by  aerosols  (among  other  things  by 
clouds,  by  mist/fogs,  by  mists,  by  fumes,  by  rcsidu e/sett lings) , 
effect  cf  turbulence  of  the  atmosphere  on  the  structure  of  laser 
teamsj  nonlinear  effects,  which  accompany  the  propagation  of 
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pouerf  ulA  hick  enission/radiat  icn  in  the  atacsphere. 

Page  15. 

In  recent  years  in  ccllective,  appeared  the  new  direction  of 

investigations,  connected  with  the  use  cf  lasers  for  the  renote 
sersiog  cf  different  atnospheric  paraneters. 

In  all  in vestigatiens  are  considered  the  characteristics  of 
lasers  thenselves  -  power,  energy,  spectruw,  angle  of  divergence  and 
the  deration  cf  enissicn/radiation,  the  dianeter  of  he  an  and  so  forth 
and  all  possible  neteorolcgical  conditions,  such  as  only  can  be 
encountered  at  different  height/altitudes  ir  the  atnosphere  of  entire 
planet . 

On  the  basis  of  the  conducted  investigations  it  was  possible  to 
sclve  inportant  estinaticn  prchlen  cf  the  epergy  losses  of  laser 
enissicn/radiation ,  cacsed  by  absorption  by  atnospheric  gases  and  by 
scattering  by  different  aercscls.  This  aade  possible  the  predictions 
cf  the  cptiiun  paraneters  of  lasers  fox  solving  one  or  the  other 
task.  Is  carried  out  also  a  whcle  series  of  ether  works.  To  the 
generalization  of  the  conducted  in  vest  iga  tic  ns  is  dedicated  author's 
second  acncgraph  "propagation  of  the  visible  and  infrared  waves  in 
the  atnesphere",  published  by  publishing  bouse  "Soviet  radio"  in 
1970. 
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Remarkable  special  feature/peculiarity  of  the  investigations  of 
the  Tomsk  optics  of  the  ataosphere  -  completeness  of  the  solution  of 
the  problem  cf  the  propagation  of  laser  em issien/r adiation  in  the 
atmosphere  as  a  whole.  Specifically,  this  approach,  in  our  opinion, 
provides  maximum  effect  not  cqly  in  fundameftal  investigations,  but 
also  doting  the  solution  cf  applied  probleas,  in  particular,  the 
laaer  sounding  of  the  atmosphere.  Last/latter  task  requires  the 
coal-directed  efforts  of  the  large  collective  cf  the  specialists  in 
■atheeatics,  spectroscopy,  diffusion  of  light,  quantua  electronics, 
radio  engineering,  precision  mechanics  and  optics,  seaiconductor 
technology  and  radic  electronics.  Equally  necessary  and  iaportant  is 
the  fruitful  work  of  the  exper iaenters  and  theorists,  engineers  and 
technologists. 

Page  16. 

Development  and  introduction  of  the  methods  of  the  laser 
sounding  of  the  ataosphere  are  especially  urgent  for  such  iaaense  and 
tbes  far  sparsely  populated  areas  as  Siberia. 

the  use  of  lasers  in  the  ataosphere  still  only  begins.  It  to  a 
considerable  degree  depends  on  the  state  of  the  problea  of  the 
propagation  cf  the  laser  eaission/radiation  in  the  ataosphere  and  on 
that,  how  rapidly  available  a  knowledge  will  bccoae  the  property  of 
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the  vide  circle  of  people,  called  to  solve  the  problems  of  the 
practical  use  of  lasers  ip  cifferert  equip cent/de vices,  intended  for 
a  vc r k  in  the  ataosphere.  Therefore  the  author  undertook  the  atteapt 
to  write  the  popular  science  bock,  claiaing  to  a  strict  special  and 
popular  presentation  of  the  state  cf  the  prcblei  cf  interaction  of 
laser  etissicn/radiatier.  frca  terrestrial  ataospheric  and  questions 
cf  the  practical  use  of  lasers  in  the  ataosphere. 

One  should  eaphasize  that  the  enissic e/radiation  of  the 
quantitative  lavs  governing  the  propagation  of  laser 
eaissicn/r adiation  in  the  ataosphere  far  exceeds  the  scope  of  the 
prcblea  of  the  use  of  lasers  in  the  ataosphere  and  of  the  connected 
kith  it  practical  aaster y/adoption  of  the  optical  scale  range  of  the 
elactrcaagnetic  waves.  During  this  study  a c tc vatically  are  obtained 
the  valuable  universal  data  oa  absorption,  scattering  and  weakening 
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face  17. 

Chapter  Cne. 

AE  AZIN  G  PfOPERTIES  OF  LASER  RADIATION. 

Depending  on  the  substance  of  working  aediua/propella  nt,  in 
which  cccurs  the  generation  of  energy,  all  lasers  are  divided  into 
gas,  sclid-kody,  s e « icc r ductor  and  liguid  cpes.  In  each  of  these 
types  cf  lasers,  there  are  their  subtypes  with  characteristic 
features . 

Another  class i ficatian  of  lasers  is  ccpnected  with  the  aodes  of 
their  operation.  Are  distinguished  the  following  condi tioqs/nodes:  1) 
ccrticccus  eaissio n/radiaticn ,  2}  pulse  eaissicn/radiation  in  the 
condit ions/aede  of  free  generation,  3)  pulse  eiission/radiation  in 
the  ccnditicns/aod e  of  the  q-switching  even  4)  pulse 
eaissicn/radiation  in  the  ccnditions/node  of  the  synchronization  of 
■edest 

The  pulsed  operations  of  ceneraticr  differ  fron  each  other 
dniaticc,  energy  and  peter  cf  ncaientus/inpulse/pulses.  fiuring 
transition  fron  pulse  eniss ion/radiaticn  ,in  the  conditions/node  of 


r 
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free  generation  to  pulse  ea ission/radiatiop  in  the  con ditions/aode  of 
the  synchronization  of  aodes  the  duration  of  poises  and  energy  they 
decrease,  but  power  grot/rises.  This  is  caused  by  the  fact  that  the 
pulse  duration  decreases  aany  tiaes  aore  than  their  energy. 

Face  16. 

Baser  eaissio n/radiaticn  possesses  aaazing  properties:  1)  giant 
power*  2)  high  non cchrczaticit y,  3)  coherence,  4)  polarization,  5) 
snail  divergence,  6)  enoraots  informativeness,  7)  with  the  changing 
ever  aide  liaits  duration  of  the  generatatle  palse,  8)  the 
possibility  to  chance  the  wavelength  of  eeissic n/radia  tion . 

Bet  us  note,  however,  that  each  laser  possesses  simultaneously 
these  all  properties,  and  for  its  one  or  the  other  practical 
applitat ion/use  it  is  entirely  not  ccapulscty  sc  that  all  these 
properties  would  be  exhibited  in  one  generator* 

Radiated  power  of  laser  -  rat io/relaticn  to  the  eaitted  energy 
to  the  tine  of  its  eaission/radiat ion  1 . 

FCCTROT E  *•  Is  the  units  of  power  aeaswre.aert  serve  watts,  kilowatts, 
■egawatts  and  gigawatts  (1  gigawatt  *  1,C0.C,C  GOjOCC  8).  E  ND  FOOT  NOTE. 
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Working  in  ccntinuous  duty  laser  eaits  constant  power.  In  pulsed 
operation  for  the  tiae  cf  tie  emission  iafulse  cf  laser,  its  power 
va-ries  fre*  0  to  aaxiaua  value  and  again  too  o.  In  this  case  it  is 
possible  to  speak  atout  average/eean  and  peak  pewer.  Average/aean 
pewer  is  egwal  to  total  energy  cf  acaentua/iapulse/pulse,  divided 
into  its  duration;  peak  is  deterained  by  ,t he  ratio/relation  to  energy 
in  the  aaxiaua  of  aoaentui/iapulse/pulse  toe  the  tiae  interval,  during 
which  this  aaxiaua  is  eaitted. 

the  radiated  power  of  different  lasers  is  included  in  extreaely 
tread  band.  Aaxiaua  power  possess  sclid-bcdj  lasers,  workers  in  the 
ccfditicrs/acde  of  generation  with  the  g-switching  and,  in 
particular,  in  the  conditions/aode  of  the  synchronization  of  nodes, 
la  the  latter  case  the  acaertua/inpulse/p’ulees  with  duration  about  a 
trillicnth  cf  a  second  possess  the  power  apprexinately  1,000,00^000  ti, 
into  hundred  and  thousands  cf  tines  exceeding  the  power  of 
large/coarsest  electrical  stations.  In  the  co editions/ node  of  the 
g-switching,  solid-body  lasers  capable  of  radiating  power  in  ten  and 
lutodreds  of  ailliot  kilowatts  with  the  aoaentua/iapulse/pulse,  which 
is  continued  ten  billicytfc  fractions  of  a  seccyd. 

Page  19. 


In  the  continuous  duty  of  generation,  aaxiaua  radiated  power  is 
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obtained  in  gas  lasers  on  carter  dioxide.  This  [over  is  deterained  by 
the  leegth  cl  discharge  tube,  besides  discharge  can  sisultaneously  go 
in  the  series  of  tubes.  Tte  power  of  such  lasers  several  kilowatt  - 
already  passed  stage. 

the  cxeation  of  lasers  aade  it  possible  to  reveal/det ect,  to 
investigate  and  to  utilize  the  cew  pfaencaexa  in  the  ataosphere, 
ccvreeted  kith  the  so-called  ncnlinear  effects.  One  of  then,  for 
cxaaple,  consists  in  the  fact  that  the  specific  radiated  power  causes 
by  the  electrical  saaple/test  cl  air  acd  leads  to  the 
edwcaticn/foraation  of  plasaa.  This  phenoaeqon  is  an  insur aountable 
barrier  for  transportation  through  the  ataosphere  of  high-power 
cptical  radiation. 

1  whole  series  of  the  aost  interesting  phenoaena  appears  at  the 
power  saaller  than  the  threshold  value  lor  the  breakdown  of  air. 

These  are,  first  of  all,  the  illuaination  of  the  ataosphere  and  self 
focusing  laser  bean,  kith  the  defined  the  power  aolecule  of 
ataospheric  gases  cannct  intersely  absorb  eais sion/radiation  as  at 
csrual,  lew  power.  The  ataosphere  is  cleared,  its  transparency 
substactia lly  grov/rises.  on  the  other  hand,  the  propagation  of 
powerful/thick  optical  radiaticn  in  the  ataesphere  changes  the 
refracting  prcpert.ies  of  the  channel  itself  through  which  it  occurs 
this  propagation.  In  this  case  the  channel  cf  laser  bean  is  converted 
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into  an  original  waveguide. 

Power fu  1/thick  laser  bean  in  state  to  thread  the  large  ones  of 
ataospheric  depths.  Sof  in  the  cloudless  ataosphere  is  feasible  the 
■ethcd  cf  laser  ea ission/radiation  at  any  distance  of  direct/straight 
visibility  between  the  scurce  ard  the  receiver. 

(lonochroaaticity  a  t  ea  issicn/radiaticn  -  ratio  cf  the  eaitted 
taid  pf  frequencies  (or  vavelengths)  tc  the  frequency  (or  wavelength) 
cf  eaission/radiation ,  this  arranged/located  in  center  band.  For 
exaupie,  when  we  lister  tc  the  prcgraa  cf  tadic  transaissions, 
arccuocera  call  only  the  vavelengths  of  broadcasting  service,  but  are 
not  called  the  band  of  the  eaitted  wavelengths.  But  precisely  because 
each  staticn  eaits  not  one  vavelength,  but  whole  band,  in  ether/ester 
it  beCoaes  tight,  and  this  cf  closenesses  we  distinctly  feel,  when  we 
atteapt  to  catch  any  station. 

lage  20. 

The  higher  the  aonochroaaticity  of  radiated  waves,  the  sore  the 
transaitting  stations  it  is  possible  to  place  cn  one  and  the  saae 
wave  band  so  that  they  would  act  interfere  vith  each  other.  Thus,  it 
is  possible  tc  say  that  the  aoncchroaaticjit y  of  radiation  is 
characterized  by  the  narrowness  of  that  spectral  interval  (wave 
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tand)g  in  which  ace  placed  all  the  generated  ty  this  source 
frequencies  or  the  wavelengths  of  esissio-n/iadiation. 

the  high  aonochrosaticity  cf  the  laser  eaission/radia tion  (it 
still  it  is  possible  tc  call/nase  the  narrowness  of  its  spectrua) 
special  is  inherent  in  gas  lasers.  So,  the  aost  widespread  gas  laser 
cn  the  aixtnre  of  bsliui  with  recn,  which  radiates  in  the  red  field 
cf  visible  spectrua  wavelength  8328  %,  in  the  usual  condit ions/aode 
of  generation  has  width  of  the  spectrue  the  approxiaately  equal  to 
0.Q2  A.  The  width  of  raciation  spectrue  can  be  decreased  aany  tiaes 
with  the  aid  cf  special  eguipaent/devices . 

The  radiation  spectra  cf  solid-body,  scaiconductor  and  liquid 
lasers  usually  occupy  range  by  width  froa  tenths  to  tens  of  Angstroa. 
However,  with  the  aid  cf  special  equipaent/de vices  and  they  it  is 
pessifcle  tc  throttle/taper  and  to  bring  to  the  hundredth  and 
thousanths  of  Angstroa. 

ligh  acncchroaaticity  cf  laser  eaissiof/radiation,  the  reason 
for  its  fantastic  spectral  density  (energy  deccity  to  single  spectral 
interval,  for  exaaple,  to  interval  in  wide  in  1  !)#.  The  power  of  the 
first  laser  cn  the  crystal  of  the  ruby,  created  into  1960  in  the 
cendi A ions/aode  of  free  generation  was  apprcxieately  10  kl. 
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Page  21. 

At  this  saaill  £  owe  r  (in  ccaparison  with  contemporary  high- power 
generators)  its  spectral  brightness  was  alaost  1/JOQ.O 00  tiaes  more 
than  in  the  Sun.  This  'Bears  that  for  the  tiae  cf  eaission  ia pulse  in 
spectral  irterval  width  in  several  tenths  of  Angstroa  in  area  of 
wavelength  6943  t  laser  eeissicn  were  1000,000  tiaes  brighter  than 
Sclar  radiation  in  the  sane  narrow  spectral  interval. 

The  width  of  the  radiation  spectra  of  lasers  is  close  to  the 
width  of  the  spectral  lines  of  the  abscrpticn  cf  atmospheric  gases. 
Beth  radiation  spectra  and  lines  of  absorption  sharply  depends  on 
wavelength.  Hit h in  the  liiits  cf  tie  center  section  of  the  lines  of 
abscrpticn,  the  absorption  coefficient  cai\  te  changed  on  several 
orders.  Even  to  larger  degree  is  changed  brightness  coefficient 
withir  the  limits  of  the  radiation  spectrua  of  laser.  If 
eaiissicn/radiation  line  falls  into  the  center  section  of  the  line  of 
abscrpticn,  shift/shear  of  one  relative  to  another  to  the  value, 
measured  by  the  hundredth  and  even  thousa>nths  cf  kayser,  can 
substantially  change  the  absorption  of  laser  enission/radiation  in 
the  ataosphere.  Therefore  it  is  very  important  to  know  the  position 
cf  th£  lines  of  ea  iss  ion/raci  at  ion  and  absoipticn  with  an  accuracy  to 
the  theusanths  of  kayser. 
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III  the  caique  spectroscopic  instrumentations,  with  the  aid  of 
which*  until  now,  were  investigated  the  spectra  of  absorption  of 
ataospheric  gases,  rescluticn  did  not  exceed  several  hundredths  of 
kayset.  Consequently,  entire  accumulated  aaterial  about  the  spectra 
of  absorption  of  ataospheric  gases  does  not  virtually  befit  for  the 
quantitative  estiaation  of  fading  laser  ea issicn/r adiation  in  the 
atmosphere . 

Development  of  laser  technclccy  assigned  before  optics  of  the 
atmosphere  the  coapletely  new  and  very  difficult  mission:  to  develop 
such  aethods  of  the  experimental  and  theoretical  study  of  the  spectra 
of  absorption  of  atmospheric  gases  which  wcvld  make  it  possible  to 
cbtaie  these  spectra  with  the  ccaplete  rescluticn  of  fine  structure 
with  the  ccaplete  resolution  cf  the  fine  structure  of  lines. 

Page  22. 

It  is  necessary  in  this  case  so  that  the  position  of  the  centers  of 
lines  in  the  spectres  wculd  be  determined  with  an  accuracy  to  the 
theusanths  of  kayser. 

narrowness  aad  definition  cf  the  lines  of  the  absorption  of 
atscsfheric  gases  and  lines  of  laser  eaissicn  explains  the 
interesting  fact  of  an  extremely  pewerful  change  of  absorbing  the 
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laser  esission/radiat icn  in  the  atscsphere  kith  an  insignificant 
diffexence  in  the  conditions  of  generation  as  this  was 
re  veal/detected  in  rub]  generator,  capable  ef  changing  wavelength 
during  a  change  in  the  teiperature  cf  the  working  aedi ua /propellant 
cf  the  crystal  of  rcby  under  the  action  of  absorbed  energy  of  the 
leap  p f  puaping. 

lasers  with  narrow  arjd  stabilized  alcog  tie  length  of  wave  lines 
are  eytreaely  proaising  for  the  reaote  sensing  of  the  concentration 
cf  any  ataospheric  gas. 

The  coherence  cf  laser  ea  issicn/radiaticr  is  caused  by  its 
natare  and  is  obtained  virtually  autoaatica lly ,  while  in  all  usual 
sources  of  optical  radiation  (incandescent  laap,  gas-discharge 
sources,  electric  arcs,  solar  radiation,  etc.)  coapulsorily  is 
generated  incoherent  eaissicn/radiaticn. 

Cct.h  ia  laser  and  in  usual  theraal  or  gas-discharge  sources 
"glcw«  separate  atcas  cz  aolecules.  The  esissicn/radiatio*  of  each 
atca  and  each  aolecule  it  is  possible  tc  ccjsider  coherent,  i.e., 
representing  itself  correct  wave  with  the  clearly  following  after 
'  each  other  aaxiauas  and  the  airiauts.  In  usual  sources  the  generation 
cf  atcas  cr  sclecules  cccwrs  chaotically,  aisaatched,  by  virtue  of 
which  the  resulting  eaissicn/radiation  by  nature  itself  cannot  be 
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correct  wave.  Meanwhile  in  lasers,  the  enission/radiat  ion  of  the 
totality  of  atoas  or  Molecules  cccurs  as  cn  cct land/crew,  it  is 
si sultaneots. 

Therefore  the  taves,  emitted  fay  atons  and  Molecules,  being 
ccnfcined,  give  poverful/tfaick  correct  wave. 

Eage  23. 

The  coherent  properties  of  laser  eiissicn/radiation  can  be  used 
in  the  connnnication  lines,  in  hclpgraphy,  for  exaaple  for  obtaining 

the  volumetric  inages  of  invisifcle  ones  by  the  eye  of  the  particles 

\ 

cf  the  atnospheric  aercscls,  during  the  ultra- precise  determination 
cf  distance  cf  the  distant  object/subjects  and  in  a  whole  series  of 
other  investigations,  the  accuracy  of  neasorenents  in  which  is 
conpased  with  the  wavelength  of  en issicr/racia t icn  (Microns  into  the 
terths  cf  aierens)  . 

Polarization  cf  enissicn/radiation.  Horld/light  can  be  linearly 
polarized,  ellipticslly  polarized,  polarized  cy  a  circle  or  not 
pclarized  (they  are  natural).  Any  light  wave  has  elect ronagnet ic 
nature,  speaking  in  other  werds,  it  is  the  spread  with  the  speed  of 
light  electrcnagne tic  vibration  in  which  the  vectors  of  the 
intensity/strength  cf  variable  electrical  ard  aagnetic  fields  are 
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perpendicular  to  each  ether  and  direction  of  propagation  of  wave.  If 
during  the  propagation  of  wave  the  plane  of  vibration  of  any  of  the 
vectcre  reaains  constant/in variable,  then  ip  this  case  we  deal  with 
the  linearly  polarized  racieticr;  but  if  by  any  of  the  vectors 
cortinuously  is  changed  plane  of  vibration,  describing  ellipse  or 
cixcunf erence,  then  available  elliptical  or  circular  polarization  of 
light.  Per  a  natural  (not  polarized)  world/light  the  vectors  of  the 
intensity/strength  of  electrical  and  magnetic  fields  do  not  have  the 
preferred  direction  of  vilratiers. 

Nonpolarized  eaission/radiaticn  -  characteristic  property  of  all 
usual  sources  of  light  (thernal,  gas-discharge,  etc.).  The 
distinctive  special  feature/peculiarity  of  laser  sources,  on  the 
contrary,  the  polarization  cf  en  issicn/rad  iaticn,  form  and  degree  of 
which  depend  cn  the  type  of  laser  and  node  cf  its  operation.  This 
fact  is  extremely  important,  and  it  can  be  widely  used  during  the 
study  of  scattering  of  light  in  the  atsesphere.  Different  aerosol 
particles  differently  affect  polarized  radiation. 

Page  24. 

Ccrsequently,  there  appears  the  possibility  of  enit/radiat ing 
different  characteristics  of  aercscls  (concentration,  fora,  sizes  of 
particles,  their  chemical  composition)  cn  tie  l  as  is  of  the 
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investigation  of  the  depolarization  of  radiation  during  its 
propagation  in  medium.  Bhen  ei issicn/radiat ion  accepts  the 
instrument,  which  passes  polarized  light  and  net  passing  not 
polarized,  it  is  pqssihle  tc  increase  the  distance  of  the  reception 
of  indicating  lights,  decreasing  the  ratio  cf  cseful  signal  to 
interferences. 

Divergence  of  emissicn/radiation.  Any  laser  enits  the 
emissicn/r adiation  which  car  be  characterized  by  the  initial  diameter 
cf  light  beam  and  the  angle  of  its  divergence.  This  tea*  is  the 
divergent  con*.  The  lesser  the  angle  between  the  axis  of  cone  and  its 
generatrix,  the  greater  the  distance  it  is  possible  to  transnit 
cptical  signals. 

Being  siall  by  nature  itself,  the  divergence  of  laser 
enissicn/radiation  with  the  aid  cf  cptical  systems  (telescopes)  in 
principle  can  be  decreased  to  tte  theoretically  possible  li*it, 
caused  by  diffraction.  It  is  krewn  that,  after  neeting  on  its  path  an 
cbstacle,  the  light  wave,  as  i t  attempting  to  bridge  it,  changes 
initial  directicn.  This  "folding"  of  waves  exists  a  phenomenon  of 
diffraction.  Curing  the  propagatiop  of  laser  ea  ission/ radiation  in 
cptical  system  (telescape)  as  the  obstructions  for  wave 
pre jetf t/emerge  the  edges  of  optical  cell/*lemei)ts  (lenses,  mirrors, 
etc. )i 
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•he  divergence,  caused  by  diffraction,  is  proportional  to  the 
wavelength  of  eaission/raciet  icr  and  it  is  diversely  proportional  to 
the  diaaeter  of  optical  objective  or  airror,  which  forns  bean  of 
light'.  The  wavelengths  cf  the  eiissicn/radiaticn  of  the  overwhelaing 
oajcrity  cf  lasers  are  included  within  liaits  froa  0.3  to  11  p.  with 
the  diaaeter  of  objective  in  20  ca,  the  angle  cf  diffraction 
divergence  for  the  interval  of  wavelengths  0.3-11  p  is  included 
withic  liaits  appro wiaatel y  from  0.4  to  14  seconds  of  arc.  Let  us 

9 

note  that  at  the  angle  of  divergence  in  1  second  of  arc  the  light  ray 
increhses  its  diaaeter  in  all  hy  0.5  ca  during  propagation  by 
distance  1  k».  Thus,  in  practice  with  the  aid  of  lasers  it  is 
possible  to  obtain  virtually  parallel  bean  cf  light. 

Page  25. 

Snail  divergence  of  laser  eaission/radiaticn  provides  the 
possibility  cf  the  transportation  of  luainoas  energy  up  to  large 
distances,  which  is  especially  inpertant  for  the  work  of  all  laser 
egwipaent/de vices  (coaaunicating  systea,  the  transaission  of 
intonation,  the  u ltra-precise  deterainaticp  of  distance,  location, 
reacte  sensing  cf  the  ataosphere,  etc.). 


ICC  =  78172301 


PAGE  36 


The  i  nf  crmati  teness  of  em  ission/r adiat  ion,  or  the  ability  of 
laser  to  transfer  tc  distance  diverse  information,  such  exceeds  the 
informativeness  of  the  electrcxagnetic  naves  cf  radio- frequency 
rarge.  Is  explained  this  by  the  enormous  emission  frequency  of 
lasers.  In  fact,  if  the  emission  frequencies  of  lasers  are  equal  to 
approximately  10**-1015  vibrations  per  second,  then  in  high- frequency 
radio  waves  they  are  millions  times  less.  Emt  quantity  of 
information,  which  capable  cf  transferring  the  electromagnetic  wave, 
depends  precisely  cn  the  frequency  of  its  eaission/radiation. 

The  potential  possibilities  of  the  transmission  of  information 
with  the  aid  of  laser  beam  are  virtually  infinite.  It  is  calculated, 
that  the  theoretically  laser  beam  can  simultaneously  transfer  10qp00 
television  programs  or  ICfJOCQOOO  telephone  conversations.  True,  a 
quantity  of  transferred  by  laser  beam  information  in  many  respects 
depends  cn  the  development  cf  technology  of  input  and  output  of 
information,  lssential  effect  have  propagation  conditions  of  the 
emissi (o/radiation s  in  the  atmosphere,  vitheut  detailed  investigation 
cf  which  it  is  difficult  to  speak  about  the  effectiveness  of  the 
operation  cf  the  communicating  systems,  traesmission  of  the 
information  of  signaling,  etc. 

The  duration  of  tbe  pulse  cf  laser  en issic c/radia  tion  changes  in 
dependence  on  tbe  type  cf  generator  and  copdit iens/mod e  cf  generation 
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vithie  very  considerable  liaits.  In  work  4-9  the  cond  it  ions/aodes  of 
free  generation,  q-svitching  and  synchronization  of  nodes  the 
duration  of  enission  inpulse  neasures  in  aicro-,  nano-  and  picosecond 
cr,  correspondingly,  in  the  nillionths,  billionths  and  trillionths  of 
a  seepnd. 

Eage  26. 

Virtually  it  is  possible  to  ottain  the  none  etui/ in  pulse/ pulse  of  any 
duration  -  fren  prolonged  tc  subpicosecond  |order  of  a  fraction  of 
picosecond ) . 

The  extrenely  short  durations  of  laser  pulses  create  the 
possibility  of  applying  tie  lasers  for  the  diverse  scientific 
investigations  of  the  structure  of  natter^  it  is  known  that  the 
duration  of  the  processes,  which  occur  in  atens  and  nolecules 
gererally  and  during  their  diverse  interactions,  is  calculated  by 
teg-billionths  and  sore  fractions  of  a  seccfd.  Thus,  with  the  aid  of 
the  npientui/iapulse/pclses  of  picosecond  agd  nanosecond  duration 
scientists  can  study  the  nechanisns  of  diverse  phenoaena  of 
■icrobosa.  Figuratively  spealitc,  sounding  aicrccosa  by  supershort 
laser  pulses  -  this  the  conversation  of  san  with  atoas  and  nolecules 
in  their  irherent  language. 
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The  laws  governing  the  propagation  of  supershort  light 
vcientuu/iapulse/p vises  in  the  atnosphere  nest  considerably  differ 
frcn  the  laws  govercing  the  propagation  of  continuous  or 
ouasi-ccntinuous  enission/radiation  (pulse  duration  such  nore  than 
the  duraticn  of  the  process  of  changing  energy  in  atcas  and 
nolccules)  .  The  study  >of  these  laws  is  cf  great  scientific  interest 
and,  undoubtedly,  is  created  basis  for  their  practical  use.  Even  now, 
for  exaaple,  it  is  known  that  during  the  propagation  of  the  light 
ic lentuu/iupulse/pclses  of  aidget  duration  the  atuosphere  capable  of 
being  cleared. 

It  is  clear  also,  that  the  use  of  supershcrt  laser  pulses  for 
soundirg »the  atuosphere  uill  ensure  fantastic  spatial  resolution  of 
its  results,  since  the  latter  is  determined  by  the  path  length  of 
ic  lent uv/iu pulse/p ulse  in  the  atuosphere.  It  is  not  difficult  to 
calculate,  that,  being  spread  with  the  speed  cf  light  -  30Q000  ka/s, 
ic lent ua/in polse/p vise,  as  duration  into  nanosecond,  passes  paths, 
equal  a  total  of  30  ci. 

Face  27. 

Change  in  the  tavelength  of  enission/radiation.  Wavelength  of 
laser  eaissicn  as  any  ether  scarce,  cne  of  the  uain  things  of  its 
characteristic.  In  this  case,  one  ought  not  to  forget  that  in  reality 
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the  laser  eaits  the  set  of  wavelengths  or  the  eaission  band  whose 
center  is  conventionally  designated  as  the  vavelength  of  source. 

R  quantity  of  wavelengths  cf  laser  eaiesicn  to  a  considerable 
degree  deter  tines  their  possible  application/use.  Certainly,  the  nost 
favorable  conditions  fer  using  the  lasers  will  he  created  when  entire 
cpftical  wave  hand  will  he  overlapped  by  their  eaission/radiation. 
Ccipletely  it  is  clear  that  we  this  will  never  attain,  if  we  go  on 
the  path  of  the  set  of  the  varicus  lengths  cf  the  eaission/radiation 
cl  different  lasers.  In  fact,  in  order  to  overlap  only  very  narrow 
section  of  optical  wave  hanc,  ccrr espc pdir.g  tc  the  visible  region  of 
the  spectrua  (approiiaately  ftca  0.9  tc  0.76  or  between  2^000  and 
13/)80  ca"»)  ,  laser  eaissions  with  bands  0.01  ca~»,  it  is  necessarily 
■ore  than  1000/100  lasers.  Furthernore,  it  is  virtually  iapossible  to 
fit  the  work  substances  of  the  lasers  which  would  ensure  the 
desirable  set  of  the  wavelengths  of  eaission/radiation.  Therefore  it 
is  extreaely  iaportant  to  fcrce  lasers  to  eait  the  needed  by  science 
and  practice  wavelengths  and  tc  learn  tc  coptrcl  then. 

R  change  in  the  wavelength  of  laser  eaissicn  can  be  realized  by 
different  aetheds  depending  on  the  type  of  generator  and  range  of 
tearrhngeaent. 

Under  the  influence  on  the  gas  lasers  cf  external  electrical  or 
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■agnetic  fields,  the  wavelength  of  their  eaission/radiat ion  is 
displaced  proportional  to  the  strength  of  field.  Thus  it  is  possible 
to  displace  uavelencth  to  value  to  1-2  cm"*.  This  it  is  completely 
sufficient  in  order,  for  example,  to  descend  frca  the  center  section 
of  the  line  of  the  absorption  cf  atmospheric  gas  and  to  hit  the 
sectipn  between  lines  with  small  absorption. 

Page  28. 

On  the  ether  hand,  if  without  the  effect  of  field  the  line  of  the 
erission/r adiation  of  gas  laser  coincided  with  the  line  of 
abmerptien,  then  the  displacement  of  wavelength  on  1-2  cm'1  allows 
during  a  gradual  change  in  the  strength  of  field  to  investigate  the 
duct/contour  of  the  line  cf  absorpticn.  If  enission/radiation  line  is 
much  already  the  line  cf  absorption,  which  is  technically  completely 
attainable,  then  the  duct/contcur  of  the  lice  cf  absorption  is  not 
distorted. 

It  is  well  known  that  on  the  duct/contour  of  the  line  of 
absorption  most  distinctly  are  exhibited  different  factors,  which 
affech  the  atsorptivit)  of  the  substance  (fer  example,  pressure, 
temperature,  ccncentration  cf  the  absorbing  molecules,  etc.)  being 
investigated.  Therefore  rec ceding  the  nndistorted  duct /contour  of  the 
line  pf  absorption  indicates  tb«  creaticn  gf  the  new  ideal  method  of 
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emit/cadiating  the  pherctene  cf  sicrcccsa. 

There  is  a  series  of  methcds  cf  changing  the  wavelength  laser 
eaissicn  within  considerably  wider  liaits#!  than  during  the  use  of 
electrical  and  nagnetic  fields.  So,  with  the  transmission  of 
(oaetf al/thick  laser  eaissicn/radiation  through  the  so-called 
ror  linear  crystal  it  is  possible  to  obtain  eaission/radiat ion  with 
doubled,  tripled  and  sc  fcrth  by  fregueccy  (second  third  and  so  forth 
cf  the  haracric  of  fundamental  emission  frequency).  Por  example, 
furdaaental  eaissicn  frequencies  in  the  most  widespread  solid- body 
generators  on  ruby  and  cn  glass  correspond  to  wavelengths  0.69  (red 
region  of  the  visible  scale  ranee  cf  the  electromagnetic  waves)  and 
tc  1.C6  p  (nearest  infrared  region).  The  second  harmonics  of  these 
generators  are  emitted  at  wavelengths  C.349  (near  ultraviolet  region) 
and  C;53  p  (green  region  of  the  visible  region) . 

the  very  promising  method  of  the  rearrangement  of  the  emission 
frequency  of  lasers  is  the  aethed  cf  paraantric  generation.  Its 
essence  in  the  fact  that  cn  leaving  fren  noplinear  crystal  the 
peverf ul/t hick  optical  radiaticn  proves  to  be  consisting  of  two 
frequencies,  sum  of  which  ccmppse  the  frequency  of  incident 
radiation.  The  values  cf  freguercies  change  in  dependence  on  the 
penitien  of  optical  crystal  index. 
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Turning  aechanically  axis  together  with  crystal  or  changing  its 
fcsiticn  in  a  scae  ether  tanner,  it  is  possible  at  the  output  of 
crystal  to  ottain  tie  continuously  changing  eiission  frequency.  With 
tie  aid  cf  this  uethod  it  uas  possible  to  attain  the  rearrange  sent  of 
the  wavelength  of  the  eaiss ion/rad iat icn  of  generators  on  ruby  and  on 
class  with  needyaiua  in  the  interval  of  several  thousand  Angstroa. 

Are  known  other  aetheds  of  the  rearrangeaent  of  the  wavelength 
of  eaission/r adiat  icn,  including  Baking  i:t  possible  to  produce 
icarra egeaent  during  one  aoaent ua/iapulse/pwlse. 

Rearrangeaent  the  wavelength  of  laser  caission/radiat ion  has 
encraous  practical  value.  First  of  all  there  is  in  fora  creation  of 
laser  froa  the  defined*  pre  deter  aired  by  wavelength  cf 
eaissicn/radiation*  is  in  the  best  way  propagating  in  the  ataosphere 
as  the  aediua*  which  consists  cf  the  absorbing  gases*  aerosol 
particles  and  turbulent  heterogeneities. 

Rearrangeaent  cf  the  wavelength  of  eaission/r adiation  - 
necessary  condition  during  the  developaent  of  the  laser 
spectroneters*  intended  to  give  to  the  researchers  the  coapletely 
allowed  spectra  of  the  absorption  of  different  substances  in  gas 
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(base.-  Specifically,  in  gas  phase  of  substance ,  have  coaplex  line 
spectruas  of  ten  and  even  hundreds  of  thousands  of  lines.  Finally, 
the  rearrangenent  of  eiissicn  frequency  over  a  vide  range  of 
wavelengths  kill  sake  it  possible  to  utilize  lasers  for  the 
investigation  of  liquid-water  content,  concentration  of  particles  and 
their  distribution  in  clouds,  aist/fogs,  aists,  precipitation  and 
ether  ataospheric  aeroscls. 
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Chattel  Twc. 

LASER  BEAR  ID  ATHOSFHEFIC  GASES. 

lie  gaseous  envelope  of  the  Earth. 

fbe  sclar  radiation,  which  continuously  enters  our  planet, 
source  of  life  on  tie  Earth.  It  serves  as  the  vain  factor  of  weather 
fcr wailcr. 

Scientists  have  leng  gotten  to  know  the  qualitative  picture  of 
the  processes  of  weather  fersatien  and  they  unanimously  consider  that 
they  sainly  depend  on  interaction  of  solar  radiation  with  atsosphere 
and  serface  of  the  Earth.  Such  inpertant  characteristics  of  weather 
as  t  he  ten  fe  rat  ere,  the  pressure,  the  wind,  thg  hunidity,  cloudiness, 
are  ccrnected  with  the  fact  that  the  quantity  of  solar  energy  passes 
different  layers  of  the  ataesptere  cn  the  way  tc  our  planet,  what 
guantity  of  reached  the  Earth  energy  will  he  absorbed  by  it. 


how  auch 


the  earth's  surface  of  energy  reflected  will  resain  in  the  atsosphere 
and  ho*  such  forever  will  leave  into  outer  space. 

The  surface  of  the  Earth,  reaches  the  significant  part  of  solar 
radiaticn.  Heated  by  the  Sun  the  Earth  itself  becoaes  radiation 
source.  And  here  we  encounter  tie  curicus  phencsenon:  eaitted  by 
planet  energy  seeningly  it  is  detained,  "deposits"  in  gases  of  the 
ataosphere.  It  emerges*  the  atsosphere  plays  the  role  of  aagic 
tlarket:  it  relatively  freely  passes  heat  in  o*e  direction  -  to  our 
planet  it  detains  it  -  in  reverse/inverse. 

lace  91. 

The  guartitative  picture  of  interaction  of  solar  radiation  with 
atsosphere  and  surface  of  the  Earth  is  extreaely  conplex.  Absorbing 
properties  of  the  atsosphere  depend  cr  aany  reasons.  The  absorbing 
sclar  radiaticn  atsospheric  gases  have  exclusively  the  coaplex 
structure  of  the  spectra.  The  estisaticn  of  the  absorption  of  laser 
esissicn/radiation  is  possible  only  on  the  tasis  of  the 
high-yrecisicn  knowledge  of  the  spectra  of  absorption  of  ataospheric 
cases,  the  clear  representation  of  the  gas  coaposition  of  the 
ataosphere,  its  tesperature,  pressure,  abcut  their  change  in  tiae  and 
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The  ataosphere  consists  nainly  of  nitrogen,  oxygen  and  argon. 

Ika  aaerage/aean  vcluae  ccncentration  of  nitrocen  in  the  lower  layer 
cf  the  ataosphere  is  equal  to  78.084c/c,  cxygee  20.946  argon 
9. 34 •.10“ *o/c.  At  height/altitudes  to  9 5—1 1 C  ha,  these  gases  are  well 
agitated,  bet  above  they  are  distributed  depending  on  aolecular 
weights. 

figure  1  shows  tic  distribution  of  different  a tao spheric  gases 
for  the  interval  of  the  height/altitudes  of  20-130  lea.  Besides  those 
indicated  in  figure,  the  ataosphere  contains  the  traces  of  aany  other 
gases, which  dc  not  tave  any  essential  effect  ci  the  energy  absorption 
cf  solar  radiation. 


; ; 


! 


i 
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Fig.  1.  Distribution  of  scat  atmospheric  gases  in  the  interval  of  the 
beight/altitcdes  of  20-130  km. 

J r  <1).  Height/a  1  tit mde  in  km.  (2).  Particles  in  m3. 

Ea-ge  12. 

Sties phecic  presence  very  rapidly  dectcases  with  height/altitude 
and  very  weakly  it  changes  in  tine  at  tase  altitude,  at  least  in  the 
lower  30-kiloneter  layer  cf  the  aticspbere.  On  the  surface  of  the 
Fsrtb-,  the  pressure  is  egaal  approximately  to  1  atm.,  at 
be ight/alt it ude  10,  20,  30,  40  and  100  km  it  decreases,  respectively 
into  4,  20,  80,  350  and  1,000,000  tiles.  Ccf seciently,  bulk  of  the 
aticspbere  is  concentrated  in  lower  30-kidcietcc  layer. 


Bean  pressure  at  the  level  cf  sea  to  scale  of  terrestial  globe 
is  equal  to  1013  ubr.  Civercences  frou  the  average  value  of  pressure 
arc  feucd  approximately  within  limits  by  ♦  3o/o  (980-1040  ubr),  and 
they  can  be  ccapletely  disregarded  in  comparison  with  the  change  in 
the  pressure  with  heiqht/altitude,  which  cap  be  considered  virtually 
identical  fee  all  areas  of  terrestial  globe. 

Very  uniquely  behaves  the  temperature  cf  the  atmosphere.  Its 
values  on  the  surface  of  the  Earth  at  each  jcirt  depend  on  the  time 
cf  days  and  season,  but  at  one  and  the  sane  moment  of  time,  -  from 
the  coordinates  of  point.  The  dependence  of  temperature  on 
teight/alt itede  (or  the  elevaticn  profile  cf  temperature),  strictly 
speaking,  it  is  changed  in  the  course  of  tine.  However,  if  we  examine 
vertical  profiles  of  temperature  -  tine-averaged  or  by  geographical 
areas,  thee  clearly  are  outlined  the  layers  of  the  atmospheres  within 
limits  of  which  the  temperature  decreases  with  height/altitude  or,  on 
the  ccrtrary,  grow/rises. 

The  quite  lower  layer,  in  which  mean  temperature  decreases  with 
height/altitude,  is  conventionally  designated  as  the  troposphere.  Its 
thickness  depends  cn  the  season  and  latitude  cf  locality.  In  tropical 
recices  it  is  equal  to  16-16,  in  polar  ones  -  7-10  km.  The  following 
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cr  height/altitude  layer  of  the  atmosphere  is  called  the 
st  ratcsphe re . 

Fage  33. 

It  stretches  approximately  to  the  height/a ltitude  of  50  km.  Here 
temperature  first  slowly,  and  then  rapidly  is  raised  in  proportion  to 
lift  mpvard. 

It  mesosphere ,  at  height/altitudes  approximately  from  50  to 
80t90  km,  the  temperature  with  tei ght/altitsde  is  reduced.  In  the 
fcllcming  layer  -  thermosphere  -  is  observed  first  a  sharp  increase 
cf  temperature  with  an  altitude  (approximately  to  200  km),  then  - 
slower  (in  the  interval  of  the  height/altit mdes  of  200-30Q  km)  ,  and 
finally  on  high  altitudes  it  heaves  very  slowly. 

Between  the  troposphere  and  the  stratosphere,  the  stratosphere 
and  the  mesosphere,  the  mesosphere  and  the  the r xosphere,  are 
ar range/lccated  fine/thin  irtermediate  layers,  tropopause, 
stratopause  and  mesopanse,  in  which  the  sigrs  cf  temperature  lapses 
charge . 

Vhe  average  values  of  temperature  at  the  level  of  the  ocean  in 
areas  of  tropopause,  stratopause  and  mesoparse  for  45®  of  north 
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latitude,  according  to  the  standard  aodel  of  the  ataosphere,  are 
equal  respectively:  15;  -56;  -2  and  -92®C.  It  heigh t/a ltitudes  200 , 
30.Q  and  700  ka  aea  n  teaperature  reaches  963.  1159  and  1235°C. 

Cesides  the  e xaaiged  atove  layers  of  tie  ataosphere,  which  have 
the  character  cf  planetary  education/f oraaticn,  in  the  ataosphere  can 
be  outlined  the  saall/finer  layers  of  the  sc-called  teaperature 
in versions,  in  vhich  the  elevaticn  profile  of  the  teaperature  differs 
in  sigr  frea  average  elevatioi)  profile.  Host  frequently  inversion 
layers  are  encountered  in  tie  troposphere  aid,  in  particular,  in  its 
quite  lewer  layer  tith  a  thickness  of  2-3  ka.  In  inversion 
tropospheric  layers  the  temperature  is  not  reduced,  fcut  it  is  raised 
with  ieight/altitu de. 

The  huaidity  of  the  ataosphere,  connected  with  the  concentration 
cf  water  vaper,  plays  enoracus  role  in  all  processes  of  converting 
energy  the  Earth.  Froa  a  guantity  cf  vater  vaper  in  the  ataosphere, 
depends  substantially  the  heat  balance  of  oar  planet,  processes 
cliaatc  and  weather  foraaticn,  and  also  possibility  of  applying 
different  technical  eqaipaent,  vhich  use  sources  of  optical 
radiation,  including  lasers. 
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Hater  ia[cr  -  Bain  absorber  of  solar  radiation  on  the  May  to  the 
Earth*  The  abundance  of  lines  in  the  spectrin  of  absorption  of  water 
vapor  creates  the  frequently  encountered  obstructions  on  the  way  of 
laser  enissicns  at  different  wavelengths. 

Hater  vapor  -  aost  variable  in  tine  and  space  gas  coaponent  of 
the  atwcsphere.  For  the  characteristic  of  air  huaidity,  the 
scientists  intcoduced  whcle  series  cf  urity:  1)  the  absolute 
huaidity,  characterizing  a  guantity  of  water  vapor  in  grans  to  cubic 
aeter;  2)  the  vapor  pressure  or  is  pressure,  expressed  usually  in 
■  illineters  of  nercury  cr  ir  aillibars;  3).  the  relative  huaidity, 
which  is  the  aeasured  in  percentages  ratio  of  water  vapor  pressure, 
which  was  being  contained  ir  air,  tc  pressure  cf  saturated  steal  at 
this  teaperature;  H)  specific  huaidity  -  aass  of  water  vapor  in  the 
urit  of  the  aass  of  huaid  air  (usually  it  is  aeasured  in  graas  to 
kilograa);  5)  the  aixirg  ratio,  which  is  the  aass  of  water  vapor  in 
crityv  the  aasses  of  dry  air;  €)  the  precipitated  layer  of  water, 
which  characterizes  the  thickness  of  the  layer  of  water7which  will  be 
obtained,  if  we  coapletcly  ccncense  by  the  water  vapor  in  this 
thickcess  cf  the  a  taosphere;  7)  the  point  of  dew  -  teaperature  of  the 
air,  ceded  te  the  state  of  the  saturation  cf  that  locating  in  it  of 
vapor. 


In  Table  1  are  provided  the  values  of  air  huaidity  at  the  level 
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cf  sett  at  different  tenperature. 

Pressure  of  saturated  stean  is  virtually  the  aaxisus  water  vapor 
pressure  at  this  teuperature,  which  corresponds  to  the  value  of  the 
relative  huaidity,  equal  to  lOCo/o.  In  the  ataosphere  hardly  ever 
relative  the  huaidity  is  close  to  lOOo/o. 

Face  35. 

Therefore  in  the  aajority  of  the  cases,  water  vapor  pressure  is  less 
than  is  shown  in  table  at  the  ccrrespc rding  teaperatures.  Close  to 
10.Cc/p  relative  huaidity  is  observed  when  according  to  one  or  the 
ether  reasons  in  the  ataosphere  it  is  sufficient  noisture  for 
achieveaent  of  the  state  cf  saturation.  This  can  be,  for  exaaple,  in 
iaiediate  pzesiaity  frea  water  surface  or  during  a  teaperature 
decrease  to  the  dew  point,  as  it  occurs  d;uring  foraation  of  clouds 
and  fpgs.  Very  foraaticn  of  clouds  and  fogs  is  the  condensation  of 
water  vaper.  Is  condensed  first  of  all  that  part  of  the  Bass  of  water 
vapor,  which  is  excess  in  comparison  with  pressure  of  saturated 
steaa.  Relative  huaidity  in  clouds  and  aistjfogs  is  frequently  close 
to  IGGo/o.  Depending  ou  conditions  in  cloaic  and  stage  of  its 
dearelcpaent,  it  can  be  lees,  but  virtually  rever  there  is  aore  than 
ICC c/c . 
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Frca  table  it  is  evident  that  the  aaxiaua  water  vapor  pressure 
at  the  level  cf  sea  in  the  range  of  teaperatures  froa  -20  to  ♦  SO^ 
ccvprises  approximately  froa  0.1  to  12o/o  ot  total  pressure,  and  1  a3 
cf  air  certains  frea  1  to  83  g  of  water.  .  *  , 

Bering  the  stedy  cf  the  energy  absorption  of  optical  waves, 
frequently  is  utilized  the  concept  of  the  precipitated  layer  of 
vater . 
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Table  1.  Characteristic  of  sir  buaidity  at  the  level  of  sea  at 
different  teaperatcres. 
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-20 

1,254 

1.073 

0,760 

0.781 

-10 

"  2,863 

2,657 

1.782 

1.786 

0 

6,106 

4.845 

3.808 

3.822 

10 

12.270 

9.39 

7,67 

7,73 

20 

23.37 

17,27 

14,67 

14,89 

30 

42,43 

30,33 

26,82 

27.16 

40 

73,78 

65,30 

47,20 

49,54 

50 

123,40 

82,76 

80,51 

87,56 

Key:  K1).  Teaperature,  °C.  (2).  Pressure  of  saturated  steaa,  abr. 
(3).  Absolute  humidity,  g/a3.  (0).  Specific  huuidity,  g/kg.  (5). 
nixing  ratio,  g/kg. 
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the  value  cf  the  precipitated  layer  of  eater  of  the  unifora  thickness 
of  the  ataosFhere  in  ailliacters  on  1  k*  is  egaal  to  the  value  of  the 
absolute  huaidity,  expressed  in  the  graas  to  of  1  a3.  So,  with  the 
buaidity  10  g  to  of  1  a3  the  kiloaeter  layer  of  the  ataosphere 
certains  10  aa  cf  the  precipitated  water. 


Vhe  concentration  of  water  vapor  in  the  ataosphere  is  sore 
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variable  than  teaperatcre,  since  daring  a  change  in  the  teaperature 
pressure  the  saturated  steal  changes  considerably  faster  than 
acccrding  tc  the  lav  of  proportionality.  Furthermore,  the  interval  of 
the  possible  values  of  ahsclutc  huaidity  is  substantially  wider  than 
the  interval  cf  the  variation  in  the  pressure  cf  saturated  steal.  It 
is  possible  to  say  that  each  ccrcrete/specif ic/actual  aeasureient  of 
the  elevaticr  profile  of  huaidity  is  unigue.  However,  the  course  of 
average  vertical  profile  of  huaidity  at  present  is  sufficiently  well 
studied,  especially  in  the  troposphere. 

fo  the  troposphere  absolute  huaidity,  as  total  pressure,  with 
be ight/altitude  decreases  eaponentiall y,  but  it  is  considerably 
faster  than  total  pressure.  Average  specific  huidity  decreases  in 
range  free  the  sea  level  to  tropopause  hundreds  times. 

the  results  of  the  aeasureaents  of  huaidity  in  the  lower 
stratosphere  (appr cxiaately  to  30  ka  of  he ight/altitude)  ,  carried  out 
ty  different  researchers,  are  contradictory.  In  soae  cases  the 
specific  huaidity  either  virtually  is  unchanged  with  height/ altitude, 
cr  it  decreases,  in  ethers  -  is  re  veal/ defected,  a  sufficiently 
ccrsiderable  increase  in  it  frea  tropopause  to  the  height/altitude  of 
2C  ka;  In  connection  with  this,  arcse  two  acdels  of  the  stratosphere 
-  •'dry*'  and  "huaid".  It  is  otvicus,  the  difference  as  results  is 
explaired  by  the  fact  that  the  aeasureaenta  were  conducted  under 
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Estab lish/installed  the  presence  of  water  vapor  in  upper 
stratosphere  and  nesosphere,  but  about  its  cuantity  as  yet  it  is  not 
(cssible  tc  lake  any  conclusions  in  connection  with  the  extreaely 
liwited  data. 

the  origin  of  the  aoleculcs  of  czcre,  which  consist  of  three 
at cas  cf  ojygen,  is  connected  with  short-wave  ultraviolet  solar 
radiat icn. 

Page  37. 

Ihis  radiation  capable  of  splitting  the  usual  biatoaic  aolecule  of 
oxygen  into  its  coaprisinc  atcws  which  go  for  the  ed ucation/f oraation 
cf  the  aclecules  of  ozone.  At  the  height/altitwdes  of  60-70  ka,  ozone 
ccjceatraticn  is  very  snail,  since  is  saa<ll  the  concentration  of 
aclecnlar  oxycen  which  serves  as  "raw  Bate  rial”  for  the  foraation  of 
ozone;  In  proportion  tc  the  penetration  of  radiation  into  the  depths 
of  the  air  ocean  together  with  an  increase  in  the  concentration  of 
■clecalar  oxygen  increases  a  quantity  of  split  to  atoas  aolecules  and 
it  is  siaultaneous  -  ozone  concentration.  A  p pro xiaately  at  the 
height/alt itude  of  20-30  ka,  it  reaches  aaxiaua  value,  and  then 
sharply  decreases,  despite  the  the  fact  that  aclecular  oxygen  at  low 
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altitudes  is  such  acre.  The  reason  for  this  phcnoaenon  is  explained 
sufficiently  siaply.  The  lion  portion  of  the  short-wave  ultraviolet 
solar  radiation,  capable  of  splitting  the  aclccules  of  oxygen,  is 
expend/consuaed  at  the  height/a Ititudes  of  20-30  ka. 

Let  us  note  that  czcne  layer  in  the  atiosphere  -  this  is  the 
distinct  natexal  filter,  which  delays  that  part  of  the  ultraviolet 
radiation  of  the  Sun  whose  penetration  would  aake  in  possible  a  life 
in  its  contemporary  fora. 

SPECTRA  OP  AESOBPTICN  CF  ATPOSERIRIC  GASES. 

According  to  the  laws  of  quantum  aechanics,  the  atoas  and 
■oilecale  are  capable  of  absorbing  or  of  emitting  only  coapletely 
deterained  to  portion  ex  quanta  of  energy.  In  this  case,  each  atoa 
and  each  aclecule  of  one  or  the  ether  substance  absorb  or  eait  their 
inhere rt  ernes,  only  for  then  the  characteristic  sets  of  the  quanta  of 
energy,  or  the  sets  of  frequencies,  since  eeantua  energy  is 
ptcpcrticnal  to  the  frequency  of  absorption  or  eaission/radiat ion. 
lhese  sets  also  create  the  spectra  of  absorption  or 
eaiissicn/radiation  of  substance.  The  ability  of  each  substance  to 
have  its  inherent  spectrua  of  absorption  or  eaission/radiat ion  is  the 
basis  cf  one  of  the  aost  powerful/thick  contemporary  aethods  of  the 

quantitative  and  qualitative  analysis  of  substances  -  spectral 

analysis . 
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Atmospheric  gases  also  have  both  the  absorption  spectra  and 
radiation  spectra.  In  the  crigin  of  the  spectra  of  all  substances,  is 
ebserwed  a  series  cf  general  lams. 

first  cf  all,  the  atoas  have  the  so-called  electron  spectra  of 
abscrpticn.  ihe  origin  of  this  naae  is  connected  with  the  fact  that 
during  absorption  by  the  eten  cf  the  specific  cuantua  of  energy  one 
cf  the  peripheral  electrons  of  atoa  juaps  tc  aore  distant  froa 
nucleus  orbit.  The  greater  energy  cr  frequency  cf  quantua,  that  in 
acre  distart  orbit  juaps  electron  in  atoa.  In  the  extreae  case^vhen 
the  portion  of  the  absorbed  by  atca  energy  is  equal  or  aore  than  to 
the  binding  energy  cf  peripheral  electron  yith  nucleus,  occurs  the 
ioaizhtion  of  atoa  (ccaplete  elcctrcn  detachaeit  froa  atoa).  Thus, 
the  quantux  absorption  cf  energy  by  atca  is  equivalent  to  a  change  in 
the  energy  of  its  electron  shell. 

Molecules  have  electronic,  vibraticnal  and  rotational  spectra. 
The  csigin  of  the  electron  spectra  of  aolcculc*  is  analogous  with  the 
crigio  of  the  spectra  of  atcas.  The  vibraticnal  and  rotational 
spectra  of  aolccules  appear  during  the  charge  in  the  vibrational  and 
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rotational  energy  which  just  as  a  change  if  the  electron  energy, 
cocurS  irregularly.  The  quantity  of  differeft  in  frequency  quanta  of 
vitraticral  cr  rotational  energy,  which  the  Molecule  capable  of 
ataortoing,  depends  on  the  type  cf  rclecule,  it*  ccaplexity, 
structure. 

Energy  cf  electron  transitions  is  Measured  by  whole 
electron-volts,  is  oscillatory  energy  -  by  tenths  and  hundredths,  and 
rotary  -  by  tenths  and  hundredths,  and  rotational  energy  -  by 
thousandths  and  ten  thousandths  of  electron-volt. 

Fage  39. 

In  accordance  with  the  value  of  the  quanta  cf  energy,  the  electron 
spectra  of  atons  and  nclecules  occupy  the  ultraviolet  and  visible 
pa;rt  of  the  spectrin  of  the  scale  of  elect rcnagnetic  waves,  the 
vi-brational  spectra  of  uclccules  -  close  infrared  region  and  rotary  - 
distant  infrared  and  aicrowave  regions.  As  is  known,  visible  range  of 
the  sgectrua  occupies  the  range  of  wavelengths  approxiaately  froa 
4CCC  to  76CC  A  (or  fro*  0.4  to  0.76  p)  ,  ultraviolet  fro*  4000  A  to 
X-ray  enissicn/rad iation,  infrared  fron  0.76  p  to  hundreds  of  Microns 
and  aicrowave  -  fren  hundreds  of  Microns  to  centineters. 

The  spectra  of  absorption  of  substance  in  practice  are  obtained 
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as  the  result  of  the  energy  absorption  by  as  encraous  quantity  cf 
■  ciecules.  Cnder  whatever  conditions  occurred  the  process  of  the 
energy  absorption  by  idccules,  they  arc  alvays  distributed  on  the 
levels  cf  electronic,  vibrational  and  rotational  energy.  Each 
aolecule  at  the  given  instant  bas  the  specific  value  of  electronic, 
vibraticcal  and  rotational  energy.  Absorbed  energy  can  go  to  an 
increase  electronic,  oscillatory,  either  rctary  or  it  is  simultaneous 
two  any,  or  all  three  forms  of  energy.  Ihis  depends  on  what  portion 
cf  energy  was  absorbed  by  aclecule.  As  a  result  it  proves  to  be  that 
if  we  record  electron  spectrui,  then  we  obtain  in  reality  the 
electron  vibrational-rotational,  during  recording  of  the  vibrational 
spectruu  -  vibrational-rotational  spectrua,  and  only  rotary  can  be 
recorded  in  pure  fora.  In  practice  for  siaplicity  the  electron' 
vitrat ional-rotaticnal  spectrui  is  convent ionally  designated  as 
siiply  electronic,  and  csci Hater y-rotary-oscillatory. 

It  is  electronic  -  oscillatotily  -  rotational  spectrum  is  the 
series  cf  spectrua  bands.  Each  change  in  the  electron  energy,  i.e., 
each  electron  transition,  is  acccapanied,  generally  speaking,  by 
entire  possible  totality  of  vibrational  transitions  in  aolecule.  In 
turn,  to  each  vibrational  transition  corresponds  entire/all  possible 
totality  cf  rctary  transitions.  Pigure  2  schematically  depicts  the 
election  vibrational-rctaticnal  spectrua  of  aolecule. 
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Fage  4C. 

(be  distances  between  electronic,  oscillatory  and  rotary 
transitions  in  molecules  cf  each  substance  are  different.  Under  the 
actual  ccnditicns  are  observed  the  overlaps  of  separate  bands, 
strongly  complicating  the  spectrum  and  its  interpretation. 

Analogously  is  matter  also  with  the  vibrational-rotational 
spectrum  of  absorption  of  molecules.  It  alsc  handed,  besides  band 
frequently  overlap.  The  ccncrete/s pecif ic/actual  fora  of  the  spectrum 
depends  cn  the  structure  cf  molecule.  The  mere  atoms  contains 
rolecwle,  the  greater  in  it  the  types  of  vitrations,  the  richer  the 
vibrational  spectrum.  The  rctary  structure  cf  electronic,  vibrational 
and  purely  rotational  spectra  also  depends  substantially  on  the  type 
cf  molecules.  All  mclecules  frci  the  pcint  cf  view  of  rotational 
energy  can  be  divided  cn:  1)  linear,  2)  the  type  of  spherical 
gyroscope,  3)  the  type  cf  symuctrical  gyrosccpe  even  4)  the  type  of 
asyav€tric  gyroscope. 

The  division  cf  molecules  according  to  their  rotary  properties 
is  instituted  on  difference  in  the  values  cf  principal  moments  of 
inertia.  In  the  linear  molecule  two  principal  acaents  of  inertia 
relative  to  the  axes,  perpendicular  to  the  axis  of  molecule,  they  are 
egcal  to  each  other,  and  the  third  is  egual  to  0  (all  atoms  are 
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Jccatfed  cn  the  third,  principal  rotational  axis) .  In  aolecules  of  the 
type  of  spherical  gyroscope,  all  principal  accents  of  inertia  are 
equal  to  each  other. 
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fig.  2.  Diagrammatic  representation  of  the  electron 
viteraticra  1-rotational  spectrum  of  molecule.  Penan  numerals 
designated  the  frequencies  cf  electron  transitions;  numerals  1,  2,  3 
and  sp  forth  designate  the  frequencies  cf  the  vibrational 
transitions,  with  each  of  which  is  connected  the  palisade  of  rotary 
transitions . 

Pace  41. 

flclecmles  cf  the  type  of  symmetrical  gyroscope  have  two  equal  to  each 
ether  principal  moments  of  inertia,  but  the  third  is  not  equal  to  0 
and  differs  from  first  two.  Pinally,  in  molecules  of  the  type  of 
asymmetric  gyroscope  all  three  principal  mcaents  of  inertia  different 
and  axe  different  from  C. 

Simplest  rotary  structure  of  the  spectra  in  linear  molecules, 
while  most  complex  -  in  aclccules  cf  the  'type  cf  asymmetric 
cyxcsecpe.  Among  atmospheric  gases  the  linear  molecules  have:  carbon 
dioxide,  nitrogen  oxides,  carter  mcncxide,  cxycen  and  nitrogen, 
(•ethane  has  a  aoleccle  of  the  type  of  spherical  gyroscope,  in  water 
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vapcr,  czore  and  heavy  water  -  type  of  asymmetric  gyroscope.  Mot  sone 
cf  atmospheric  gases,  which  are  present  in  the  atmosphere  on 
planetary  scale,  are  molecules  cf  the  type  cf  symmetrical  gyroscope. 

INTENSITY  CF  EAMDS  AMD  SPECTRAL  LIMES. 

The  spectra  of  the  molecules  of  different  substances  are 
characterized  by  not  cnly  structure,  but  also  intensity  of  the 
absorption  lands  and  of  their  comprising  lires.  Some  substances 
pcssess  exclusively  intense  bands  and  lines  of  absorption,  others,  on 
the  contrary,  very  weakly  atsort  exissicn/radiation.  in  the  spectrum 
cf  absorption  of  ome  and  of  the  sane  substance,  the  intensity  of 
different  bands  and  lines  can  sharply  differ. 

In  cne  and  the  sane  substance  the  most  intense  bands  and  lines 
must  be  observe  dyi  ben  in  their  « ducaticc/f  c inaticn  participates  a 
■axivmv  quantity  of  molecules.  Under  normal  comditions  the 
overwhelming  majority  of  molecules  is  located  in  normal,  unexcited, 
cr  basic,  state.  T b ere fcre; are  most  intense  the  absorption  bands, 
obtained  as  a  result  of  transitions  of  molecules  from  basic  state  to 
the  nearest  excited.  The  higher  excited  state,  i.e.,  the  greater 
goantnm  energy,  the  lesser  the  probability  ef  its  absorption  by 
molecule.  This  law  is  characteristic  fox  electicnic,  oscillatory  and 
rotary  transitions. 
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however,  the  interpretation  of  tbe  spectra  cf  different  substances  is 
strongly  h  itider/ha  npered  ty  the  overlapping  cf  the  bands  of  different 
intercity. 

The  intensity  of  bands  and  lines  of  the  absorption  of  the 
spectra  of  different  substances  can  differ  cr  «any  orders,  which  is 
catsed  by  their  different  absorptivity  in  the  appropriate  wavelength 
ranges. 

The  intensity  of  each  line  of  abserptien  -  this  is  its 
individual  characteristic.  The  intensities  cf  all  lines  sufficiently 
cosplex  depend  on  pressure  and  tenperature . 

Extrenely  large  range  of  line  intersdtjes  cne  and  the  saae  and 
different  aticspheric  gases  together  with  the  sharply  pronounced 
lined  structure  of  their  spectra  -  lain  reasen  for  the  extrenely  high 
selectivity  (critical  dependence  on  wavelength)  of  the  absorption  of 
cptical  radiation  in  the  atnosphere.  selectivity,  on  one  hand,  is 
exhibited  in  const  ant/ invar iable  sharp  bursts  ard  incidence/drops  in 
the  absorb ing  properties  of  the  atnosphere,  as  soon  as  we  prove  to  be 
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in  area  cf  any  of  the  numerous  lines  of  absorption.  On  the  other 
hand,  the  aaxiaua  values  of  the  absorption  coefficients  in  the 
centers  of  individual  lines  are  changed  frci  c*e  line  to  the  next 
tithic  the  extremely  vide  Halts:  in  ten,  handred,  thousand,  aillion 
or  aore  tiaes. 

EC  IB  C  E  THE  CONTOUR  OF  THE  LINES  Of  ABSORPTION. 

As  a  result  of  the  interaction  of  aoJ.ccul«s  with  each  other, 
their  chaotic  theraal  agitation  also  alcng  a  scries  of  other  reasons 
the  energy  levels  are  displaced  in  ccapariscn  with  their  position  in 
the  isc lated/insulated  molecules.  The  aaount  of  this  displaceaent  in 
different  lolecules  is  different.  Therefoxe/ during  the  transition  of 
aolecales  frca  one  energy  level  tc  anctter,  they  absorb  not  one 
icrcchrcna tic  emission  freguency,  but  the  whole  set  of  frequencies. 

Fage  43. 

If  we  taking  into  accocnt  this  deteraine  the  dependence  of  the 
absorptivity  of  aolecales  on  freguency  for  this  energy  transition  or 
the  dependence  of  the  absorption  coefficient  oa  frequency,  then  we 
will  ottain  the  duct/centour  cf  the  line  ot  absorption  (Fig.  3)  . 

Frequency  'o  characterizes  the  carter  of  the  line  of 
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absorption.  This  is  that  frequercy  which  world  be  observed  in 
isolated  aclecules.  The  absorption  coefficient  in  this  case  has 
aaxiaaa  valve;  On  both  sides  frea  frequency  v0  the  absorption 
coefficient  first  sufficiently  sharply,  and  then  increasingly  nore 
slcwly  decreases.  Theoretically  the  wings  of  lines  extend  to 
infinity,  but  virtually  already  at  a  comparatively  snail  distance 
fren  vo  absorption  in  wings  can  be  disregarded  in  ccaparison  with 
absorption  in  center. 

for  the  characteristic  of  the  width  of  the  duct/contour  of  the 
lire  pf  absorption,  is  introduced  the  concept  of  the  half-width  of 
line.  Csually  by  the  half-width  of  line,  it  is  accepted  to  understand 
the  value  cf  width  at  the  level  of  half  fren  the  naxiaua  value  of  the 
absorption  coefficient. 

The  width  of  the  lines  of  the  absorption  cf  atnospheric  gases  in 
essence  depends  on  the  collisions  of  aclecales  with  each  other  and  on 
the  Dpppler  effect.  The  essence  of  the  latter  lies  in  the  fact  that 
if  the  absorbing  aolecule  at  the  nenent  of  energy  absorption  noves, 
then  the  recorded  frequency  of  absorption  differs  froa 
falling/incident  in  dependence  cn  value  a>nd  direction  of  speed  of 
action .  Since  the  eclecules  of  atnospheric  gases  test  chaotic  theraal 
agitation,  then  the  Doppler  duct/ccntcuc  cf  the  line  aust  be 
syaaetiical.  Its  half-aidth  depends  on  square  rcot  on  teaperature. 
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Furthermore,  Copplec  half-widtF  is  proper* icna  1  to  frequency  v, 
it  is  irversely  proportional  to  square  root  of  the  mass  of  the 
atsorfcing  aolccule. 
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Fig.  §.  Euct/ccntoir  of  the  line  of  absorption. 

[age  4  <4. 

For  the  lines  cf  the  atsorption  of  atacspteric  gases,  Doppler 
width  at  teaperature  of  0°c  is  included  within  linits  approxinately 
frca  0 . C3  to  C.000  3  ci"*.  The  Doppler  half-width  of  any  line  of 
absorption  with  height/altitude  in  the  troposphere  and  the 
stratosphere  varies  within  the  Units  with  +15o/o.  During  the 
solution  of  aany  practical  tasks,  it  is  accepted  to  disregard  these 
charges . 

The  duct/contour  ef  the  line  of  the  absorption  of  ataospheric 
gases,  caused  by  the  collision  cf  iclecvles,  usually  is  called 
dispersive.  Dispersive  half-width  is  proportional  to  pressure  and  it 
is  inversely  proportional  to  square  root  of  tcaperature.  Under  the 
standard  conditions  (pressure  is  egual  to  1  ata.,  teaperature  of  0 °C) 
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the  width  cf  line  depends  on  that,  between  what  energy  levels  of 
■olecele  occurred  tie  tracsiticr,  corresponding  to  this  line.  In 
ttker  herds,  each  line,  generally  speaking,  has  its  eigenvalue  of 
half-width. 

The  dispersive  hall-widths  of  the  lines  cf  the  absorption  of 
at-acspheric  gases  in  atvospheric  boundary  layer  are  aeasured  by 
values  froa  several  hundredths  tc  several  tenths  of  ka yser  and,  as  a 
rule,  ccnsiderably  exceed  Doppler  half-widths.  In  proportion  to  lift, 
they  decrease,  they  reach  Doppler  values,  and  then  becone  all  less 
and  less  thea.  The  equality  of  the  dispersive  and  Doppler  half-widths 
fer  the  cverwhelaing  aajority  cf  the  lines  of  ataospheric  gases  is 
observed  in  the  range  of  he ight/altitudes  free  10  to  30  ka . 

The  intensity1  of  the  wings  cf  Dcppler  duct/contour  decreases  in 
ireportion  tc  reao val/distance  froa  the  center  of  line  noticeably 
faster  than  in  the  case  of  dispersive  duct/contour  (Fig.  4). 

thus,  with  the  equality  of  the  half-widths  of  the  lines  of 
Ecppler  and  dispersive  duct/contours  absorption  in  their  distant 
wings  very  strcngly  differs. 


(age  45 


DOC  *  78172302 


I  AGE  fa¬ 


'll 

If  at  sufficient  removing  of  line  f cob  center  it  is  possible  to 
toldlf  disregard  Doppler  broadening,  then  ore  cannot  fail  to  consider 
the  brcaderirg,  caused  by  the  collisions  of  aolecules.  Moreover,  by 
precisely  last/latter  pherctenon  is  caused  tbe  different  froa  0 
radiation  absorption  of  ary  wavelength  cf  optical  range  in  the 
atwcsfbere  (including  absorption  far  frca  lines). 

CtyARAClERI  S1IC  OP  THE  SFECTEOH  Cf  AESCEETICS  Cf  RATER  VAPOR. 

Hater  vapor  -  sain  absorbing  gas  in  the  visible,  infrared  and 
■icrcwave  regions  of  the  spectrua.  To  it  belongs  the  doainant  role  in 
the  integral  absorption  of  solar  radiation. 

The  aolecule  of  water  vaper  (H*G)  is  isosceles  triangle  in 
apex/wertex  cf  which  is  located  oxide  atoa.  Apex  angle  is  equal  to 

C 

1Ct°3C,  and  the  interatoaic  distance  of  hydrogen  and  oxygen  -0.958  A. 

The  electron  spectrua  cf  water  vapor  is  arrange/located  in  the 

O 

distant  ultraviolet  region  (wavelength  shorter  than  1860  A),  where 
the  aftaosphere  coapletely  absetbs  solar  radiation. 

Vhe  vibration al-rotaticnal  spectrua  of  absorption  of  water  vapor 
is  extreaely  ccaplex  aad  rich  in  bands  and  lines. 
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Fig.  9.  The  fen  of  the  duct/contours  of  lines, 
because  cf  the  Doppler  effect  (1)  and  of  effect 
vhcn  intensities  and  vicths  of  ]ines  axe  egwal. 
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fxperi aentall y  detected  several  ten  thousands  cf  lines  in  the 
vitraticna  1-rotaticnal  bands  HaO,  norecver  far  not  all  weak  lines  are 
taken  into  account.  Coaplexity  and  conplication  of  the 
vitrat ional-rotaticnal  spectrun  of  water  vapct  is  caused  by  the  fact 
that  the  nolecule  of  water  telcngs  tc  aolectles  of  the  type  of 
asynnetxic  gyxoscope.  Its  principal  ncaents  of  inertia,  being  not 
very  large  in  absolute  value,  differ  free  each  ether  in  ratio  1:  2:  3. 
The  saall  ncaents  of  inertia  and  the  asysnetry  of  gyroscope  cause 
the  presence  in  the  spectrun  of  absorption  cf  a  large  quantity  of 
cverlapping  absorption  bands,  literally  scfp  by  the  tightly 
artan^ed/lccated  lines. 
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Entire  vifcrat  icnal-rctit icral  spectrui  cf  water  vapor  occupies 
the  visible  and  infrared  region  of  the  spectrua  approx  iaately  to 
wavelength  of  appr oxiaately  10  p.  Host  interse  vibra tional -rotational 
lands  are  arrange/lccated  in  infrared  regiop.  Their  centers  have 
wavelengths  6.3;  3.2;  2.7;  1.67;  1.38;  l.’.l;  0.94  p.  The  intensity  of 
these  lands,  can  be  judged  froa  such  numerals.  At  the  average  values 
of  huaidity,  entire/all  thickness  of  the  ataosphere  coapletely 
absorbs  solar  radiatiop  in  regiers  of  the  spectrua  a  pproxiaa  tel  y  froa 
5.5  tc  7.5  p  (because  of  band  6.3  p)  and  froa  2.6  to  3.3  p  (because 
cf  peering  bands  3.2  and  2.7  p)  /  the  intensity  cf  bands  decreases  in 
preportien  tc  approach/appr cxiaaticn  to  the  visible  region  of  the 
spectrua,  which  intense  bands  does  not  contain.  For  this  very  reason 
th«  ataosphere  appears  before  us  Mhite,  although  its  entire/all 
visible  regica  contains  a  sufficiently  considerable  quantity  of  weak 
lines  of  water  vapor. 

for  the  illustration  of  the  character  cf  the  spectrua  of 
absorption  qf  water  vapor,  let  us  give  the  experiaental  recording  of 
the  part  of  the  vibrational-rotational  band  1.38  p  by  the  width  a 
tctal  cf  0.07  of  p,  obtained  pith  the  aid  of  the  spectroscopic 
instreaentation  of  high  resolution  (Fig.  5).  Figure  6  depicts  the 
theoretically  designed,  coapletely  solved  region  of  the  spectrua  of 
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the  part  cf  the  absorption  land  2.7  (section  3850-3900  ce-»,  or 
2.56-2.60  m)  . 

Page  67. 

The  used  in  calculation  precipitated  layer  c£  water  0.001  cn 
corresponds  in  atnospheric  boundary  layer  in  atnospheric  hunidity  10 
g/w3  to  the  distance  in  all  1  i.  Thus,  1  ■  cf  path  it  is  sufficient 
so  that  the  eaission/radiat ion  in  the  centers  cf  a  series  of  lines 
would  be  ccnpletely  absorbed. 

In  the  center  sections  of  the  absorption  bands  of  water  vapor  by 
6.3  and  2.7  p  it  is  possible  to  west  the  dices,  which  completely 
absorb  ewissicn/ra diaticn  already  on  the  first  sillieeters  of  its 
pa-th  ir  the  ateosphere. 
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fig.  5.  Spectrua  of  absorption  of  the  part  of  the 

vitrational-rotational  hand  of  water  vapor  cf  approximately  1.38  ka. 

40 

0 

3900 

Fig.  1.  Dependence  cf  radiation  absorption  in  region  of  the  spectrua 
3850-B900  cr  >  (2.  56-2. €0  aicrcns)  on  wavelength  at  pressure  1  ata . 
ard  precipitated  layer  of  water  u=C.C01  ca. 

Key:  XI).  ata. 

(age  48. 

Cn  the  ether  hand,  in  the  interval /gaps  between  powerful  absorption 
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bards,  in  the  so-called  atmospheric  windows,  is  encountered  a  large 
quantity  of  weak  lires  whose  center  sections  do  not  completely  absorb 
sclar  radiation.  Fically,  ir  the  i  ictc- windows  cf  the  transparency  of 
the  aticsphere,  i.e.,  the  nartew  regiens  of  the  spectrum,  completely 
free  from  lines,  absorption  car  Frcve  tc  be  the  entirely 
insignificant  (several  percentages  for  an  entire  thickness  of  the 
atmosphere) . 

Thus,  if  we  consecutively  exaiine/scan  entire 
vitraticra 1-ictaticnal  spectrum  of  absorption  cf  water  vapor,  then  it 
is  possible  to  reveal/detect  a  mass  of  the  disorderly 
arranged/located  lires  anc  a  large  quantity  cf  narrow  sections  of 
large  transparency.  The  precision  determination  of  atmospheric 
windoms  has  important  applied  value,  since  ctly  through  them  the 
laser  emissiep/rad iaticn  capable  of  being  spread  without  essential 
absorption,  however,  far  not  all  interval/gaps  between  lines  possess 
high  transparency.  So,  the  sections  between  the  powerful  lines, 
arrange/located  in  the  center  sections  of  the  absorption  bands, 
possess  the  increased  transparcrcy  in  ccmpariscn  with  the  central 
lines  cf  abserptioa,  nevertheless,  they  intensely  absorb 
enissicn/radiation .  This  is  connected  with  the  fact  that  the  close 
wings  cf  powerful  lines,  stcre/adding  up,  give  sufficiently  intense 
coctiauous  absorption. 
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The  pucely  rotational  spectrum  of  the  atscrption  of  water  vapor 
occupies  the  very  wide  wavelength  range  (approximately  from  8  p, 
where  it  partially  overlaps  with  v ibrat  iona  J-r  ctational,  and  to 
several  centimeters).  line  intensity  purely  the  rotational  spectrum 
of  absorption  H20  first  grow/rises  with  an  increase  in  the  length 
they  late  water,  then,  after  achieving  maximum,  it  decreases.  In  area 
S- 13  p,  there  are  no  powerful  lines.  Then  in  region  from  20  p  and  to 
several  millimeters  absorption  is  so/such  intense,  that  the 
direct/straight  solar  radiation  does  net  reach  the  surface  of  the 
Earth . 

Everything  said  about  the  vibrational-rotational  and  purely 
rotational  spectra  of  the  absorption  of  water  vapor  is  related  to  the 
basic  isotepe  of  the  molecule  of  water  Hz016. 

Page  99. 

In  the  atnosphere  are  present  also  isotopes  H2*C18,  H20|?  and  NDO 
(heavy  water)  ;  Their  content  is  respectively  egual  to  0.2039,  0.0373 
and  0;0298o/o,  tut  basic  isotepe  -  99.729o/c. 

The  spectra  of  absorption  cf  isotopes  (J20*8  and  H2oir  are  very 
similar  to  the  spectrum  of  absorption  cf  basic  isotope  and  are 
somewhat  shifted.  The  spectrum  cf  absorption  of  NDO  noticeably 
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differs  free  spectius 

Por  the  quantitative  estivation  of  the  radiation  absorption  of 
lasers  with  different  vavelengths  in  the  atsosphere  undoubtedly  it  is 
necessery  to  have  precise  data  cn  the  spectra  cf  absorption  of  all 
isctopes,  although  their  concentrations  con prise  tenth  and  one 
hundredths  of  a  percent,  anc  first  cf  all  -  lires  of  absorption, 
which  fall  intc  nicro- window  of  the  transparency  of  the  atsosphere. 

S FECTB A  OF  AESOBPTICN  OF  CTIER  ATBOSPHERIC  GASES. 

Carbcs  dioxide.  Its  concentration  in  tie  atsosphere  ccsposes  a 
tctal  cf  O.C3o/o;  however,  intense  oscillatcrily  [rotation  bands 
cause  powerful  atsospheric  absorbtion.  Ace  sost  intense  bands  in  area 
4.3  and  15.0  p  Eand  15. C  p  occupies  the  range  cf  wavelengths 
ap  pccxisatel  y  fros  12  to  20  p.  In  its  center  section  (approximately 
ft'Ci  13.5  tc  16.5  p)  vertical  so/such  of  the  atsosphere  completely 
absorbs  solar  radiation.  Band  4.3  p  occupies  area  fros  4.1  to  4.5  p. 
This  is  the  vest  intense  vibrational-rotational  band  a  song  the  bands 
cf  all  atmospheric  gases.  Fcr  it  the  characteristically  sharp 
decrease  of  intensity  at  edges.  Sclar  radiatici  is  absorbed 
ccvpletely  it  its  center  section  approximately  fros  4.2  to  4.3  p  in 
tie  vertical  cclunn  of  the  atsosphere  atove  25  kn. 
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Pa<ge  50. 

Turtheracre,  carbcn  dioxide  has  hands  with  a  width  approx iaately 
C.1  m  with  centers  about  the  wavelengths  in  descending  order  of  the 
intensity:  2.7;  4.8;  5.2;  2.0;  10.4;  9.4;  1.6;  1.4  p  and  a  series  of 

the  very  weak  bands,  which  do  net  exert  a  substantial  influence  on 
tfce  wave  absorption  of  optical  range.  *11  the  vibrational-rotational 
absorption  bands  of  carbcn  dioxide  are  very  rich  in  the  lines  of 
absorption.  Probability  tc  «eet  the  lipes  cf  absorption  C02  in  the 
atxcspheric  windows  beyend  the  liaits  of  the  bands  indicated  is 
considerably  less  than  in  water  vaper. 

the  aolecule  of  carbcn  dioxide  has  the  isotopes: 

CIJ02'®;  C,302'®;  C120'*0‘7;  C,*0,*0,,i  whose  content  with  respect  tc  the 
ccenoei/genernl/ total  ccntent  of  CC*  in  the  etnesphere  is  equal  with 
respedt  to  98.420;  1.1Q8;  0.0646  and  0.4078c/c.  It  is  logical  that 
all  these  isctopes  have  their  inherent  absioipticn  spectra.  The 
intensity  of  absorption  by  tbe  appropriate  bands  and  lines  is 
proportional  to  the  concentration  cf  isctopes.  The  spectra  of  all 
isotopes  are  scaewhat  shifted  relative  to  each  other. 

Carbon  dioxide  does  not  have  purely  rotational  spectrua. 

Ozone  .  Its  aolecule  on  its  structure  reseables  the  aolecule  of 
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water  vapor:  this  isosceles  triangle  with  apex  angle  116°49*  and 

o 

sides  (intexatoaic  distance  of  cxygen)  in  1.278  A. 

The  electron  spectra  of  ozone  contaiq  the  relatively  powerful 

lands,  arrange/located  in  the  ultraviolet  region  of  the  spectrun 

e 

(wavelength  are  shorter  than  3400  A)  and  sufficiently  weak  bands 

o 

jn}4500-7400  A  (visible  range  areas.  The  ultraviolet  absorption  bands 
cf  czore  strcngly  attenuate/weaken  solar  raciation  in  the  atnosphere. 
Paxiaum  absorption  in  the  vertical  ccluin  cf  the  atnosphere  in 
visible  range  does  not  exceed  several  percentages.  If  this  absorption 
was  considerable,  the  atnosphere  wculd  be  painted. 

The  v itrat ion al-rotaticnal  spectrui  cf  abscrpticn  of  ozone  is 
at range/lcca ted  in  infrared  region. 

Eage  6 1 . 

Hcst  irtense  band  is  located  in  area  9.6  p.  Enrthernore,  ozone  has  an 
absorption  band  with  center  apprex inately  14.1  p  and  a  series  of 
rarrow  cnes,  bj  width  approxinately  C.  1  p,  lands  about  wavelengths 
1.7;  3.27;  3.59;  4.75;  5.75  p. 


The  center  section  of  the  abscrpticn  band  9.6  p,  by  width 
appicxiiately  1.0  p,  in  the  vertical  colunn  of  the  atnosphere  absorbs 
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to  the  half  cf  solar  radiation  in  this  region  of  the  spectrua.  It  is 
very  rich  in  the  lines  of  the  ahsoijticrs  vhich  thus  far  could  not  be 
completely  solved  in  the  spectrua  during  ezperinental  investigations, 
ether  absorption  bands  either  overlap  with  acre  powerful  bands  of 
water  vapor  and  carbon  dioxide,  or  are  not  vital  iaportance  in  the 
integral  absorption  of  solar  iadiaticn  in  the  ataosphere.  However, 
during  the  estimation  cf  absorption  in  the  separate  very  narrow, 
"laser"  saall  sections  of  the  spectruv,  can  have  vital  iaportance  the 
absorption  of  any,  even  weak  line. 

In  the  ataosphere  are  present  three  isotopes  of  ozone:  o2  ** 
basic;  0**0**0*a  and  ciaOl*Cia,  content  o,f  which  is  equal  with 
respect  to  99.4;  0.2  apd  C.4o/o.  The  spectra  of  isotopes  are  soaewhat 
shifted  relative  to  each  other.  The  role  of  separate  isotopes  in  the 
integral  abserptiop  of  the  optical  absorption  of  optical  radiation  is 
proportional  to  their  concentration. 

Ozone  has  very  intense,  purely  rotaticpal  spectrua  of 
abserftien,  arrange/located  in  aicrowave  region. 

Oxygen  is  located  in  the  ataosphere  in  aolecular  and  atonic 
states.  Atonic  oxygen  appears  as  a  result  cf  dissociating  the 
■  deciles  0*  under  the  action  of  short-wave  ultraviolet  solar 

C 

radiation.  It  has  one  weak  line  of  absorption  in  wavelength  5571  A 
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and  grcup  cf  lines  of  snail  intensity  in  region  of  the  spectrua 
(3(C-§364  A. 

lace  62. 

Molecular  oxygen  possesses  very  intense  electronic  absorption 
kaTds  in  the  ultraviolet  region^  which  cause  the  total  absorption  of 

short-wave  ultraviolet  solar  radiation  in  tbe  at  nosphere  (wavelengths 

o 

arc  shorter  than  1800  A).  In  the  near  infratec  region  of  the 
spectres,  is  detected  the  absorption  of  solar  radiation  by  two 
electronic  absorption  bands  whose  centers  are  arra nge/loca ted  about 
wavelengths  1.2683  and  1.C€"4  p.  Analogous  lands,  but  shifted  into 
the  visible  region  cf  the  spectrun,  in  the  tclccule  of  the  isotope  of 
oxygen  C‘*0*e.  Their  centers  are  arrance/lccated  about  wavelengths 
C#«76 2D  and  0.6901  |i. 

Oxygen  has  also  bands  cf  ccnticucw s  absorption  in  the  visible 
and  near  the  infrared  regions  of  the  spectra*,  obliged  by  its  origin 
to  the  complexes  of  eolccules  C2*0,.  However,  the  intensity  of  these 
bands  is  snail,  and  the  acccunt  of  this  absorption  necessary  only  in 
tbe  special  cases  (for  cxaaple,  during  the  propagation  of 
enissicn/radiation  through  entire  thickness  cf  the  ataosphere  in  the 
directions,  close  tc  the  herizen) . 
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dittoes  oxide  (N20).  Its  powerful  electronic  bands  are  located 
in  distart  ultraviolet  region.  Easic  vilrational-rotational 
absorption  bands  are  arrange/located  in  areas  of  wavelengths  17.0; 
7.8  aed  4.6  p.  Pirst  two  wholly  overlap  with  powerful  bands  15.0  p 
CO 2  and  6.3  p  H20.  Rarxow  band  4.6  p  distinctly  is  exhibited  in  the 
spectruw  of  absorption  of  sclar  radiation  in  tie  earth's  atnosphere. 
Eesides  nornal  bands,  nolecule  N20  has  sany  lands  of  weak  intensity, 
which  dc  net  have  any  essential  effect  on  tbe  integral  absorption  of 
solar  radiation  in  the  ataesptere. 

the  nolecule  of  nitreus  oxide  has  12  stable  isotopes,  forned  by 
the  epebinatioa  of  atons  N1 4 ,  NIS,  0**,  0»*  and  0*«.  The  spectra  of 
absorpticr  cf  isotopes  are  studied  weakly,  le  can  happen,  which 
during  the  study  of  the  propagation  of  highlynono-chroaatic 
en ission/radiat ion  it  is  necessary  to  consider  the  absorption  of  a 
series  of  the  relatively  weak  lines,  which  fall  into  the  narrow 
atacspheric  windows. 

Pace  S3. 

Be  thane  (CH«)  .  The  electronic  bands  of  its  absorption  are 

arzange/located  in  the  distant  ultraviolet  region  of  the  spectrun 

o 

(wavelength  are  shorter  than  1450  A).  Easic  vibrational-rotational 


absorption  bands  have  centers  about  wavelengths  7.7  and  3.3  p.  The 
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first  whclly  overlaps  with  the  powerful  band  6.3  p  of  water  vapor.  Is 
sufficiently  narrow,  by  width  approximately  0.1  p,  band  3.3  p 
di*ti<rctly  is  exhibited  in  the  spectrua  of  absorption  of  solar 
radiation  in  the  ataosphere.  Ore  of  the  lives  cf  the  absorption  of 
this  bard,  as  it  seemed,  coincides  with  the  line  of  the 
eaission/r adiation  of  gas  laser  on  the  mixture  cf  heliun  with  neon 
(wavelength  3.39  p)  ,  which  in  practice  sales  with  impossible  the  use 
cf  this  laser  cn  lccg  routes  in  the  ataosplcre. 

Methane  has  sufficiently  many  other  vilrational-rotat ional 
absorption  bands;  hcwever,  in  the  earth  *s  atmosphere  they  are  not 
exhibited  cr  are  exhibited  weakly  even  with  the  longest  inclined 
paths  cf  the  propagaticn  of  radiation. 

Purely  rotational  spectrua  aethane  does  not  have. 

Carbor  acnoxide  (CO)  in  the  which  interests  us  area  of  the  scale 
cf  the  electroaagn etic  waves  has  the  basic  vibrational-rotational 
bard  with  a  width  of  0.1  p  with  center  approximately  4.67  p.  This 
land  acre  cr  less  distinctly  is  exhibited  in  tie  spectrua  of 
absorption  of  solar  radiaticn  in  the  earth's  ataosphere.  Other 
vibrational-rotational  absorption  hands  CO  overlap  with  note  powerful 
taids  cf  water  vapor  and  carbon  dioxide  or  have  too  saall  an 
intensity. 
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Yhe  purely  rotaticnal  spectrua  of  the  absorption  of  carbon 
aonoxide  is  erranga/locatcd  in  distant  infrared  and  sicrovave  regions 
and  cpapletely  overlap*  purely  with  the  rotaticnal  spectres  of  water 
vapor* 
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Page  54. 

AT  ECS  PRERIC  iHHEOWS. 

The  absorption  of  optical  radiation  in  the  atmosphere  ocours 
simultaneously  almost  by  all  atmospheric  gases.  Therefore  the 
important  for  practice  atmospheric  windows  can  be  detarmined, 
studying  the  absorption  of  the  earth's  atmosphere  under  natural 
conditions.  Is  most  simple  and  convenient  the  method  of  measuring  the 
transparency  of  an  entire  thickness  of  the  atmosphere  or  of  its 
separate  layers  durinq  the  use  of  this  powerful/thick  and  wide-range 
radiation  source  as  the  Sun.  It  is  well  known,  for  example,  that  the 
radiation  spectrum  of  the  Sun  covers  the  wide  wavelength  range,  into 
which,  in  particular,  enter  the  ultraviolet,  visible,  infrared  and 
microwave  regions  of  scale  of  the  electromagnetic  waves. 

Figure  7  gives  the  spectrum  of  solar  radiation  in  the  range  of 
wavelengths  ftca  0 . 1  to  100  p  on  the  surface  of  the  Barth  (upper 
curve),  also,  at  the  height/altitude  of  IT  km  (lower). 
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Fig.  7.  Cos  non  picture  of  the  spectrua  of  absorption  of  the  solar 
radiation  cf  the  earth's  ataosphere  in  the  range  of  wavelengths  fro* 
0.1  to  100  p  (at  ground  level  -  upper  curve,  at  the  height/altitude 
cf  11  ka  -  lower  curve). 


Key;  (1).  Wavelength,  pa.  (2).  Potation  band. 

Page  55. 

Eoth  curves  are  obtained  under  the  aost  probable  conditions  in  the 
pure/clean  atnosohere  (aerosol  scattering  can  be  disregarded)  at  the 
solar  altitude  of  40°.  Curves  are  obtained  saoothed  the  fine 
structure  of  the  spectrua  of  absorption  of  each  band,  but  distinctly 
are  isolated  very  absorption  bands. 

Figure  shows  positions,  width  and  intensity  of  the  noraal  bands 
of  the  absorption  of  all  ataospheric  gases,  about  which  the  speech 
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occurred  in  the  preceding/previcus  paragraphs.  As  is  evident, 
entire/all  thickness  of  the  atmosphere  completely  absorbs  solar 
radiation  in  wavelengths  shorter  than  0.3  p  and  longer  than  20  p.  The 
absorption  of  ultraviolet  region  is  caused  by  ozone  and  oxygen,  but 
in  distant  infrared  region  -  by  water  vapor.  Completely  it  is  clear 
that  the  regicns  of  the  spectrum  indicated  cannot  te  used  either  for 
ccmmunicat ion/connect  ion  cr  for  the  transmission  of  information  nor 
fcr  solving  other  practical  problems,  if  the  corresponding  equipment 
works  in  atmospheric  boundary  layer. 

The  wavelength  range  from  0.3  to  20  p  consists  of  the 
alternating  atmospheric  windows  and  absorption  bands.  Is  most 
transparent  in  this  range  entire/all  visible  and  nearest  infrared 
region  of  the  spectrum,  widest  atmospheric  windows  in  infrared  region 
-  window  with  centers  approximately  3.6  and  10  p.  The  latter  in  the 
literature  is  accepted  to  call  the  long-wave  atmospheric  window.  In 
the  middle  of  this  window,  which  occupies  region  of  the  spectrum  from 
8  to  ’13  p,  is  arrange/located  tie  most  intense  absorption  bani  of 
c2cne  with  center  approximately  8.65  p. 

Each  of  the  presented  in  Fig.  7  absorption  bands  consists  of  of 
hundred  and  thousands  sufficiently  tightly  arranged/located  lines. 
Although  the  absorption  between  lines  is  considerably  less  than  the 
absorption  in  the  centers  of  lines,  nevertheless  in  an  entire 
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thickness  of  the  atmosphere  is  achieved  total  absorption  for  any 
wavelength  in  the  center  section  of  the  band. 


Eage  56. 

The  difference  in  the  absorption  coefficients  in  the  centers  of  lines 
and  between  them  is  exhibited  in  the  fact  that  if  for  total 
absorption  in  the  interval/caps  between  lines  tc  solar  radiation  it 
is  necessary  to  traverse  entire  thickness  of  the  atmosphere,  then  in 
the  centers  cf  lines  complete  absorption  is  reached  at  different 
beight/alt itudes  far  frcm  tbe  surface  of  the  Earth  depending  on  line 
intensity. 

Thus,  if  monochromatic  laser  emissioa/radiation  falls  into  the 
center  section  of  any  absorption  band,  it  is  possible  previously  to 
say  frcm  the  lack  of  promise  of  the  practical  applicat  ion/use  of  this 
laser  in  the  equipment/devices,  intended  for  the  work  through  the 
atmosphere,  although  the  absorption  coefficients  for  different 
wavelengths  in  different  bands  can  differ  in  ten,  hundred  or  more 
tines.  It  is  important  that  the  lowest  values  cf  coefficients  in  the 
centers  of  the  powerful  bands  of  sufficient  ones  for, 
emission/r adiat  ion  completely  wculd  be  absorbing  in  atmospheric 
boundary  layer  during  distribution  to  distance  several  kilometers. 
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Consequently,  if  one  or  another  laser  is  develop/ processed  for 
systems,  that  vorlc  through  the  atmospheric  boundary  layer,  the 
wavelength  of  its  enission/radiat ion  must  fall  into  one  of  tha 
atmospheric  windows.  But  if  discussion  deals  with  the  use  of  optical 
radiation  at  different  height/altitudes  upward,  then  the 
possibilities  of  the  practical  use  of  different  wave  bands  grow/rise 
the  greater,  than  higher  operating  altitude.  Figure  7  shows  that  at 
the  height  which  exceeds  11  km,  substantially  grow/rises  the 
transparency  in  area  of  the  majority  of  the  absorption  bands  of 
atmospheric  gases,  in  particular  in  the  absorption  bands  of  water 
vapor.  In  fact,  in  the  layers  of  the  atmosphere,  arrange/located  it 
is  above  11  km,  remains  powerful  absorption  in  three  absorption  bands 
of  carbon  dioxide  with  centers  in  15.0;  4.3  and  2.7  pm,  also,  in  the 
laid  of  ozone  9.65  pm. 


Page  57. 

Completely  it  is  clear  that  the  most  transparent  sections  of 
wavelengths  for  no nochrcmatic  radiation  are  located  in  the 
atmospheric  windows.  However,  it  cannot  be  previously  said,  to  what 
extent  is  premising  for  use  in  the  atmosphere  one  or  the  other 
wavelength  of  laser  emission  only  on  the  basis  of  the  fact  that  it 
falls  into  atmospheric  windew.  The  fact  is  that  all  atmospheric 
windows  have  the  weak  lines  of  the  absorptions  which  can  not  play  any 
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cf  vital  inportance  in  the  integral  absorption  of  continuous  solar 
radiation  in  the  atmosphere.  Precisely  therefore  during  the 
experimental  recording  cf  the  spectrum  cf  absorption  of  solar 
radiation  in  the  earth's  atmosphere  with  rough  spectral  resolution  in 
atmospheric  windows  absorption  is  not  virtually  detected.  However, 
these  weak  lines  of  absorption  can  become  serious  barr ier/ obstacle, 
if  laser  emission/radiat ion  falls  into  their  center  section. 

Therefore  is  very  imDortant  the  high  resolution  of  the  spectra  of 
absorption  cf  atmospheric  gases  in  the  atmospheric  windows  and  the 
determination  of  the  position  of  the  centers  of  all  lines  with  the 
accuracy,  unattainable  for  the  existed  previously  methods.  Is  not 
less  is  necessary  so  precision  determination  of  the  position  of  the 
lines  cf  laser  emission. 


ABSORPTION  OF  LASER  EHISSICN  IN  THE  ATHOS  PFEFE. 

Hany  accumulated  for  years  of  materials  research  about  the 
absorption  of  optical  radiation  in  the  atmosphere  cannot  be  used 
during  the  quantitative  estimation  of  the  absorption  of  laser 
emission/radiation  in  the  atmosphere,  because  with  the  applied 
methods  of  study  it  was  not  possible  to  determine  with  the  necessary 
accuracy  the  position  of  the  centers  of  lines  and  absorption 
cceff icients.  weak  narrow  lines  were  frequently  not  at  all  recoided 
by  equipment. 
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Page  58. 

By  the  author  it  is  establish/installed,  that  if  the  line  of 
laser  emission/radiation  falls  into  the  center  section  of  the  line  of 
absorption,  then  in  atnospheric  boundary  layer  centers  of  both  of 
lines  nust  be  determined  with  an  accuracy  tc  0.01-0.02  ci'*  for  the 

side  lines  of  absorption  and  with  accuracy  larger  than  0-01  cm-*  - 

for  narrow  cnes.  With  height/altitude  these  requirements  become  ewer 
more  and  more  rigid,  since  with  an  increase  in  the  height/altitude 
sharply  decreases  the  width  of  the  lines  of  absorption. 

The  coefficients  of  absorption  of  the  lines  of  atnospheric  gases 
in  the  center  sections  of  the  lines  very  sharply  change  with 

frequency,  in  atmospheric  boundary  layer  in  the  widest  lines  of  the 

absorption  of  water  vapor,  the  absorption  coefficient  decreases  by 
IQo/o,  if  we  go  away  from  the  center  of  the  line  in  all  on  0.03  cm-*. 
In  the  case  of  narrow  lines  for  achievement  of  the  same  effect,  it 
suffices  to  be  shifted  from  the  center  of  line  cn  0.01  cm-*.  But  at 
the  height/altitude  of  15  km  displacement  from  the  center  of  the  line 
cf  absorption  on  0.01  ca~*  leads  to  a  change  in  the  absorption 
coefficient  already  to  10-15o/c  in  dependence  cn  the  width  of  line. 
Thus,  caused  by  one  or  the  other  reasons  insignificant,  to  the 
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hundredth  of  kayser,  the  shift/shear  of  the  line  of  laser  emission, 
if  line  itself  is  located  in  the  center  section  of  the  line  of 
absorption,  can  lead  to  a  powerful  change  in  the  transparency  of  the 
atmosphere.  This  is  connected  with  the  fact  that  the  transparency  of 
the  ataosphere  changes  not  proportional  to  a  change  in  the  absorption 
coefficient,  but  the  nore  powerful,  the  tore  path  it  passes 
emission/radiation  in  the  atmosphere  (transparency  is  described  by 
the  exponential  function  as  index  of  which  serves  the  product  of  the 
absorption  coefficient  up  to  distance)  . 


In  chapter  about  the  properties  of  laser  eaission/radiation,  we 
spake  about  the  possibility  of  the  directed  change  in  its  wavelength 
during  the  use  of  aagnetic  and  electric  fields  to  the  value,  equal  to 
to  approxiaately  one  kayser. 


Fage  59, 


If  this  rearrangement  of  the  length  of  wave  of  emission/radiat ion 
cccurs  in  area  of  the  center  section  of  the  line  of  absorption,  then 
it  is  completely  sufficient  in  order  to  leave  from  the  region  of  the 
high  transparency  of  the  atvosphere  into  the  region  of  powerful 
absorption,  and  vice  versa.  Realized  by  other  methods  rearrangement 
of  the  wavelength  of  laser  emission  in  considerably  more  broad  band 
leads  to  repeated  (according  to  a  number  of  lines  of  absorption  in 


* 
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the  reconstructed  range)  transition  from  the  regions  of  powerful 
absorption  in  the  region  of  high  transparency  (sicro-window  of 
transparency) . 

In  practice,  together  with  the  directed  change  in  the  wavelength 
of  laser  emission,  we  encounter,  also,  with  the  cases  when  as  a 
result  of  uncontrollable  changes  in  generation  conditions  the 
wavelength  of  emission/radiat  ion  can  be  charged  so  that  the 
atiosphere  first  sufficiently  freely  passes  emission /radiation,  then 
becomes  difficultly  surmountable  barrier  on  its  path.  Typical  example 
-  emission/radiation  of  the  most  widespread  in  practice  laser  on 


Fig.  8.  Recording  of  the  fire  structure  of  the  spectrum  of  absorption 
of  the  earth's  atmosphere  in  area  of  laser  evission  on  ruby. 

Key:  (1).  Absorption.  (2).  pa. 

Page  '6C. 

In  Fig.  8  alcng  the  vertical  axis  is  plotted  the  dependence  of  the 
radiation  absorption  of  solar  radiation  by  an  entire  thickness  of  the 
earth's  atmosphere  on  wavelength,  measured  by  the  instrument  of  high 
spectral  resolution  in  the  range  of  wavelengths  from  6933  to  6944.5 
t.  Along  horizontal  axis  are  in  parallel  with  wavelengths  shown  the 
temperatures  of  ruby  by  which  the  laser  emits  the  appropriate 
wavelengths.  As  can  be  seen  from  figure,  the  absorption  of  an  entire 
thickness  of  the  atmosphere  is  virtually  changed  from  zero  in  the 
interval/gaps  between  lines  to  6O-8O0/0  iq  the  centers  of  the 
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majority  of  lines.  One  should  in  this  case  emphasize  that  in  area  of 
laser  emission  on  ruby  there  are  no  powerful  lines  of  absorption.  In 
addition,  very  spectra*  of  absorption  of  the  atsosphere  it  is  written 
with  the  instrument  although  of  high  resolution,  nevertheless 
insufficient  for  obtaining  of  the  completely  undistorted  absorption 
spectrum,  in  reality  the  peaks  of  absocpticr  most  be  even 
acute/sharper  and  higher. 

Cense guently,  the  guantitative  estimation  of  the  absorption  of 
laser  emission/rad iat ion  in  the  atmosphere  is  the  very  fine/thin, 
cctplex  and  difficult  problem,  for  satisfactory  solution  of  which  it 
is  necessary  to  create  the  new  methods  both  of  experimental  and 
theoretical  studies. 

Such  methods  are  develop/processed  by  the  author  with  the 
colleagues  of  our  institute. 

Method  of  laser  source. 

The  direct  experimental  determination  cf  the  coefficients  of 
absorption  of  atmospheric  gases  in  areas  of  laser  emissions  of 
contemporary  equipment  cannot  ensure  the  required  accuracy. 


If  we  as  radiation  sources  utilize  lasers  themselves,  then 
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directly  free  experiment  it  is  possible  to  obtain  quantitative 
absorption  characteristics  cf  their  eaission/radiation .  The  essence 
of  the  nethod  of  measurements  in  this  case  is  reduced  to  following. 
Laser  eaission  is  fora/shaped  with  the  aid  cf  the  systea  of  optical 
objectives  into  tore  narrow  bean  (so-called  colliaated)  and  is  headed 
fer  atiosphere. 

Page  61. 

At  the  specific  distance  fron  laser,  is  placed  the  receiver,  which 
consists  of  airror,  coapletely  intercepting  bean,  and  unit  of 
equiFaent  fox  measuring  assembled  of  the  focus  of  airror  laser 
energy.  The  part  of  the  energy  of  laser  eaissicn/radia  tion  at  output 
frea  source  is  abstract/reaoved  with  the  aid  of  calibrated 
seaitransparent  plate  intc  monitoring  channel  for  measuring  of 
initial  power  and  wavelength  of  ea issicn/radiation. 

This  aethod  makes  it  possible  to  establish/install  the  absolute 
weakening  cf  laser  eaission/radiat ion  in  the  atmosphere  under  one  or 
the  other  conditions  which  are  aonitored  by  the  appropriate  equipment 
during  aeasureaent s.  Distance  from  source  tc  receiving  systen  cannot 
be  arbitrary.  Its  naxiaua  value  is  deternined  by  the  diameter  of 
receiving  airror  and  the  angle  cf  the  divergence  of  source.  If  one 
considers  that  with  divergence  in  one  second  of  arc  the  diameter  of 
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tea*  increases  by  0.5  cm  on  path  1  ka,  then  not  difficult  to 
calculate  which  with  the  diaweter  of  receiving  airror  1  a  for  a 
complete  interception  beaa  at  a  distance  of  10  ka  is  necessary  that 
the  angle  of  divergence  wculd  net  exceed  20  seconds  of  arc,  which  is 
is  ccapletely  attainable.  However,  large  distances  during 
■easureaents  are  necessary  only  when  the  weakening  of 
eaission/r adiat ion  is  saall,  i.e.  with  the  tigh  transparency  of  the 
ataesphere. 

Heasureaents  in  real  atmosphere  eaploying  the  described 
procedure  give  the  possibility  to  obtain  the  absolute  guantitative 
data  on  weakening  or  fading  of  laser  eaiss ion/r adiat ion  as  a  result 
of  absorption  by  ataospheric  gases  and  scattering  on  the  particles  of 
aerosols.  These  coaponents  of  weakening  can  be  divided,  if  parallelly 
is  veasured  the  transparency  of  the  ataosphere  with  the  theraal 
source,  fro*  which  with  the  aid  of  interference  filter  is  isolated 
the  region  of  the  spectrua  in  wide  approxiaately  100  X  including  the 
wavelength  of  laser  source. 

Page  62. 

In  the  latter  case  we  are  virtually  aeasured  crly  aerosol  scattering, 
since  absorption  in  narrow  lines  can  be  disregarded.  If  narrow  laser 
line  falls  into  area  the  line  of  the  absorption  of  the  ataosphere. 
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then  during  neasureaent  with  laser  source  we  is  reveal  /detected 
larger  weakening  than  with  therial.  The  coircidence  of  the 
coefficients  of  weakening  for  laser  and  theraal  sources  aeans  that 
the  laser  eaission/radiation  is  barely  absorbed  by  ataospheric  gases. 

The  describe!  method  was  used  during  the  aeasureaents  of  the 
transparency  of  the  ataosphere  for  the  eaissicn/radiations  of  the 
most  widely  used  lasers:  gas  -  on  the  aiztures  of  heliua  with  neon 
(wavelength  of  eaission/radiation  0.63;  1.15  and  3.39  p)  ,  heliua  with 
xenon  (wavelength  3.51  pm),  carbon  dioxide  with  nitrogen  (wavelength 
9.3  and  10.6  pa),  on  the  vapors  of  cadaiua  (wavelength  0.44  p)  , 
solid-body  -  on  ruby  (wavelength  0.69  pa),  cn  glass  with  neodyaiua 
(wavelength  1.06  pa),  on  fltorite  with  dysprosiua  (wavelength  2.36 
pa)  and  seaicondus  tor  laser  on  galliua  arsenide  (wavelength  0.84  pa). 

Neasureaents  showed  that  the  laser  eaissicns  with  wavelengths  of 
0.44;  0.63;  0.84;  1.06;  2.36  and  3.51  pa  arc  barely  absorbed  by 
ataospheric  gases.  Eaission/radiation  it  is  laser  on  ruby,  as  one 
would  expect,  it  depended  substantially  on  the  teaperature  of  the 
caby  (absorption  coefficient  changed  acre  than  5  tiaes). 


The  line  of  the  eaission/radiation  of  gas  laser  in  wavelength 
1.15  pa  falls  into  wing  of  one  of  the  lines  of  the  absorption  of 
water  vapor.  The  absorption  coefficient  proved  to  be  equal  to  0.3 
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mm“»  of  the  precipitated  layer  of  water.  Table  2  gives  designed  with 
the  use  of  this  coefficient  of  the  value  of  the  transparency  of  the 
atwosphere  fer  distances  0.1;  0.8  and  1.0  km  in  atmospheric  boundary 
layer  with  different  absolute  humidity. 

Page  63. 

Absolute  humidity  from  1  to  15  g/m3  most  frequently  is 
encountered  in  the  atmosphere  (it  corresponds  to  saturation  pressure 
at  temperatures  frem  -2  to  ♦Itfoc)  .  Table  2  demonstrates  the  rapid 
decrease  of  the  transparency  of  the  atmosphere  with  distance  with 
high  humidity  because  of  respectively  larger  index  in  the  exponential 
function,  which  describes  a  change  of  the  transparency  in  dependence 
cn  the  distance  of  the  propagation  of  enission/radiation.  On  the 
other  hand,  from  table  it  is  evident  that  laser  in  wavelength  1.15  p 
whose  enissios/radiation  falls  net  to  the  center  of  line,  and 
somewhere  into  the  middle  of  wing,  cannot  be  considered  as  promising 
for  practical  application/uses  in  the  atmosphere. 

The  emission/radiation  of  gas  laser  in  wavelength  3.39  p  on 
pure/clean  chance  falls  directly  to  center  sufficient  to  the  weak 
line  of  the  absorption  of  methane,  on  the  integral  absorption  of 
continuous  emission  in  this  area,  this  line  does  not  have  any 
roticeable  effect,  but  for  laser  emission/radiation  it  is 
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considerable  barrier.  In  atmospheric  boundary  layer,  the  absorption 
coefficient  render /showed  to  equal  several  reverse/inverse 
kilometers.  With  this  coefficient  at  a  distance  in  several  kiloaeters 
are  absorbed  aore  than  99o/o  eaission/radi ation.  Thus,  the  weak  line 
of  methane  became  sericos  obstruction  for  using  the  laser. 
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Table  2.  Transparency  of  atmospheric  boundary  layer  for  laser 
emission  in  wavelength  1.15  p,  o/o. 
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Key:  (1).  Distance,  km.  (2).  Absolute  humidity,  g/m3. 

Cage  64. 

The  describe!  method  in  the  modified  form  was  utilized  under 
laboratory  conditions  for  measuring  the  pure/clean  radiation 
absorption  of  lasers  in  wavelengths  1.15  and  3.39  p.  H od if ication 
consisted  in  the  fact  that  the  laser  emission  was  headed  for  the 
vacuum  multipass  cell,  which  was  being  filled  by  the  mixture  of 
atmospheric  gases.  The  optical  system  of  cell  allowed  via  multiple 
reflection  free  mirrors  to  create  the  path  of  laser  beam,  equal  to  96 
m  in  the  synthesized  atmosphere,  with  the  distance  between  mirrors  2 
m. 


In  conclusion  let  us  note  the  limitedness  of  the  method  of  laser 


source.  The  obtained  with  its  aid  absolute  values  of  the  transparency 
of  the  atmosphere  can  be  used  for  the  quantitative  estimation  of 
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radiation  absorption  in  atmosphere  only  of  those  types  of  the  lasers, 
with  which  were  conducted  tie  measurement s . 

rethod  of  laser  spectroscopy. 

Ey  the  universal  method,  which  ensures  the  necessary  quantity  of 
data  on  the  absorption  of  laser  em ission/raciation  with  any 
wavelength,  it  is  possible  to  recognize  only  such,  which  makes  it 
possible  to  obtain  the  undistorted,  completely  allowed  spectrum  of 
the  absorption  of  any  of  atmospheric  gases  and  their  mixture  under 
laboratory  or  natural  conditions,  only  it  is  capable  fo  give  the 
reliable  information  about  the  radiation  absorption  of  laser  with  any 
spectrum.  Only  this  method  will  make  it  possible  finally  to  find  all 
micro-windows  of  the  transparency  of  the  atmosphere  and  to  obtain  the 
quantitative  data  on  the  absorption  coefficient  in  them.  The 
development  of  this  method  is  extremely  impcrtant  for  many  applied 
problems  of  meteorology,  astrophysics,  astrcncmy,  different  forms  of 
the  technology,  which  cses  emission/radiation  of  the  optical 
wavelength  range. 

None  of  the  applied  to  recent  years  methods  of  the  experimental 
study  cf  the  absorption  spectra  gave  to  specialists  the  virtually 
completely  solved  and  undistorted  spectra. 
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Fage  65. 

In  recent  years  of  beginnings  intensely  to  te  developed  the  method  of 
a  Fourier-spectrometry.  The  spectra  of  high  resolution  in  it  are 
obtained  not  directly  in  experiment,  as  usual,  but  after 
corresponding  processing  cf  the  results  of  measurements,  with  the  use 
cf  high-precision  and  complex  interferometers.  The  record/written 
signal  contains  information  about  the  coefficients  of  absorption  of 
the  whole  series  of  close  wavelengths.  Interpretation  of  signal  and 
obtaining  spectra  produce  with  the  aid  of  electronic  computers.  But 
thus  far  is  created  the  orly  unique  instrument,  which  makes  it 
possible  to  determine  the  pcsiticn  of  the  centers  of  the  lines  of 
absorption  with  an  accuracy  to  several  thousanths  of  kayser. 

Therefore  it  is  difficult  now  to  say,  be  managed  to  davelop  the 
method  cf  a  Fcurie r-spectrometry  to  such  an  extent  that  it  would 
become  universal,  universal. 

The  high  monochromaticity  of  laser  emission/radiation  in 
connection  with  the  possibility  to  change  the  length  of  its  wave 
cpen/discloses  the  tempting  prospect  for  the  creation  of  the 
completely  new  method  of  spectroscopy  cf  superhigh  resolution  -  laser 
spectrometry.  Its  essence  consists  of  following.  If  we  through  the 
absorbing  medium  pass  monochromatic  radiation,  then,  after  measuring 
its  intensity  upon  the  entrance  into  nediun  and  on  leaving  and  path 
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lenqth  in  medium,  it  is  possible  to  calculate  the  monochromatic 
absorption  coefficient.  Evissicn/radiation  must  have  such  spectral 
width  within  limits  of  which  the  absorption  coefficient  can  be 
considered  being  independent  of  wavelength. 

It  is  known  that  the  absorption  coefficient  decreases  double 
during  remc val/distance  free  the  center  of  line  by  the  hundredth  or 
tenths  of  kayser.  Consequently,  for  neasuring  the  absorption 
coefficient  in  the  center  sections  of  the  lines  the  width  of 
emission/radiation  nust  be  at  least  several  tines  of  less  than  the 
half-width  of  the  lines  of  absorption. 

Fage  66. 

Calculations  show  that  at  a  pressure  of  approximately  1  atm.  the 
spectral  width  of  the  enission/radiat ion,  utilized  for  the 
measurements  of  the  absorption  coefficient  in  the  central  sections  of 
lines,  must  be  not  more  than  0.C1  cm-*.  If  measurements  are  conducted 
at  a  lower  pressure,  then,  is  logical,  must  decrease  the  width  of 
emission/r adiat  ion . 


At  present,  on  one  hand,  in  gas  and  even  solid-body  lasers  the 
degree  of  the  monochromaticity  cf  emission/radiation  may  be  reduced 
to  10“  J  cm-*,  on  the  other  hand  -  are  developed,  the  methods  of  the 
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controlled  change  of  the  wavelength  of  laser  emissions  over  a  wide 
caqge  of  wavelengths.  If  it  would  be  possible  tc  combine  in  one  laser 
high  wcnochrcwa tic ity  and  controllability  of  emission/radiation,  then 
the  problem  of  laser  spectroscopy  would  be  solved.  But  demonstration 
is  this  natter  of  the  future. 

The  prospect  of  obtaining  the  undistorted  duct/contour  at  least 
cf  one  lines  of  absorption  is  sc  tempting  which  would  be  unwise  to 
await,  when  laser  technology  achieves  such  level,  that  in  one  and  the 
sawe  generators  high  (ly)-ch  romatic  emission  /radiation  can  be  it  will 
be  obtained  dcring  a  continuous  change  of  the  wavelength  over  a  wide 
range  of  values.  In  the  institute  of  optics  of  the  atmosphere,  are 
developed  twc  laser  spectrometers.  In  their  creation  participated  the 
author  of  the  booh.  The  first  spectrometer  makes  it  possible  to 
obtain  the  undistorted  duct/contour  of  one  lines  of  absorption, 
second  -  the  undistorted  completely  solved  region  of  the  spectrum, 
which  contains  several  lines  of  absorption. 


As  the  basis  of  the  first  laser  spectrometer,  lay  the  use  of  a 
change  in  the  wavelength  of  the  emission/radiation  of  gas  laser  under 
the  influence  on  it  of  magnetic  field.  Is  achieved  this  by  the 
locaticn  of  laser  into  the  solenoid,  with  the  transmission  of  the 
current  through  which  appears  the  magnetic  field.  The  the  heavy 
current  in  the  turns  of  sclenoid,  the  the  large  magnetic  intensity  it 
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is  created  and  the  sharper  is  shift/sheared  the  wavelength  of  laser 
enission/radiation .  In  the  nock-up  of  our  instrument,  naxinun  current 
was  equal  to  10^# 

Page  67. 

To  it  corresponded  naxinun  magnetic  intensity  625 Ce,  which  caused  the 
shift/shear  of  the  line  of  the  emission/rad iaticn  of  gas  laser  on 
♦  0.02  ci'1.  Was  utilized  laser  on  the  mixture  of  helium  with  neon  in 
wavelength  3.39  p.  The  wavelength  of  the  enission/radiation  of  this 
laser  is  close  to  the  center  of  the  line  of  the  absorption  of  methane 
from  band  3.3  p.  Smoothly  changing  magnetic  intensity,  we  just  as 
smoothly  change  the  wavelength  of  laser  emission,  gradually  taking 
away  it  from  the  center  section  of  the  line  of  absorption  to 
periphery.  The  wavelength  of  laser  emission  increases  or  decreases  in 
dependence  on  direction  of  flow  in  solenoid  and  of  corresponding  to 
it  sense  of  the  vector  of  strength  of  magnetic  field.  The  shift/shear 
of  the  wavelength  of  enission/radiation  on  .+0.02  cm"*  proved  to  be 
sufficient  in  order  to  obtain  the  duct/contour  of  the  line  of  the 
absorption  of  methane. 

In  the  first  version  of  instrument,  was  utilized  multimode  laser 
in  the  new,  improved  version  -  stabilized  one-mode.  Figure  9  depicts 
the  duct/ccntours  of  the  lines  of  the  absorption  of  methane,  obtained 


...  wi-ihi 
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daring  the  use  of  cne-mode  and  multimode  lasers  at  a  pressure  in 
several  thousanths  of  the  atmosphere. 

In  figure  distinctly  visible  the  difference  in  du ct /con tour s, 
which  attests  to  tbe  fact  that  the  usual  multimode  gas  lasers  cannot 
give  the  undistorted  duct/contour  of  the  line  of  the  absorption:  the 
half-width  of  the  line  of  methane  under  conditions  of  the  atmosphere 
is  egual  to  several  hundredths  of  kayser,  but  the  width  of  the  line 
of  the  emission/radiat ion  of  multimode  laser  0.01  cm'*.  Let  us  note 
that  the  line  of  the  emission/radiation  of  one-mode  laser  in 
wavelength  3.39  p  taking  into  account  a  change  in  the  position  of  its 
center  occupies  region  of  tbe  spectrum  rot  sore  than  0.001  cm-1, 
i-  e.  ,  it  it  is  substantially  less  than  halfwidth  of  the  investigated 
line  of  absorption. 

Instrument  makes  it  possible  to  obtain  the  undistorted 
duct/contour  of  the  line  of  absorption  and  with  its  aid  to 
investigate  the  effect  of  the  varied  conditions  of  medium  (pressure, 
impurity/admiitures,  temperatures)  for  absctpticn  of 
emissicn/radiation  in  individual  line. 

Page  68. 

This  investigation  they  will  aid  faster  to  penetrate  in  the  mysteries 
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cf  the  aechanisn  of  luninous  absorption  by  substance. 

True,  a  def ic iency/lack  in  the  instrument  lies  in  the  fact  that 
with  its  aid  is  possible  to  thoroughly  investigate  only  one  line  of 
absorption . 
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Fig.  9.  Duct/contours  of  the  lines  of  the  absorptions,  obtained  with 
the  aid  of  laser  spectroaeter  cn  the  basis  cf  one- node  and  nultinode 
gas  lasers  at  wavelength  3.39  pn.  Along  the  horizontal  axis  are 
plotted  the  values  of  current  strength  in  sclenoid  in  aaperes  and  the 
corresponding  to  the*  changes  of  the  eiissicn  frequency  of  laser  in 
HHZ  and  kaysers.  On  vertical  axis  are  plotted/applied  the  values  of 
the  coefficient  of  abscrpticn  cf  nethane  in  unity  the  at  nosphere  to 
centiaeter  into  sinus  of  the  first  degree  (sense  of  this  unity  it 
ccnsists  in  following:  for  deteraining  the  absorption  of  this  layer 
of  q as,  is  necessary  its  pressure,  expressed  in  the  ataosphare,  to 
tultiply  by  thickness  of  the  layer  in  centiaeters,  then  total  it  is 
necessary  to  aultiply  by  the  absorption  coefficient  in  ata-1  «ca _l ; 
the  obtained  value  exists  an  optical  thickness  of  layer,  or  index  in 
the  exponential  law  of  radiation  daaping. 


Key:  (1).  atrf»ca“».  (2).  HHz 
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Face  69. 

In  the  second  nock-up  of  the  created  by  us  laser  spectrometer, 
is  utilized  the  laser  emission  on  ruby  in  the  con  d  it  ions  /node  of  free 
generation.  The  no nentuw/inpulse/pulse  cf  this  enission/radiation 
cctsists  of  consecutively  following  one  after  another  of  spikas 
(spectrally  narrow  lines  of  enission/radiation)  with  different 
wavelengths.  The  spectral  width  of  each  beaa  is  approxinatel y  equal 
tc  0.01  c«'1.  In  nonentun/inpulse/pulse  with  spectral  width  in 
several  tenths  of  kayser  are  contained  several  ten  spikes,  nore  than 
or  less  evenly  covering  the  ewitted  interval  of  wavelengths.  Thus,  if 
we  could  record  the  intensity  of  each  spike  upon  the  entrance  into 
the  absorbing  nediun  and  on  leaving  frcn  it  and  with  high  accuracy 
■easure  the  wavelength  of  each  spike,  we  would  obtain  the  possibility 
for  one  emission  iwpulse  to  Measure  ieiediately  several  ten  values  of 
the  absorption  coefficient.  It  is  clear  that  for  this  is  necessary 
the  high-precision  high-speed  equipment,  since  the  pulse  duration  is 
■easured  by  vicroseconds. 

In  our  iastrueent  simultaneously  are  utilized  the 
electro-optical  scanning  (chance)  cf  the  wavelength  of 
eaissicn/radia tion  in  the  process  of  generation 
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vcteirtun/inpulse/pulse  and  the  hypersonic  scanning/sweep  of 
me  lentum/impulse/p  ulse  with  recording  of  the  wavelength  and  intensity 
of  each  spike.  For  one  mcmentum/impulse/pulse  it  is  possible  to 
obtain  the  data  on  the  absorption  coefficients  for  several  ten 
wavelengths  in  the  interval  of  several  tenths  cf  kayser.  Displacing 
the  enitted  by  one  ■onentua/inpulse/pnlse  spectraa  as  whole,  luring 
heating  or  ceding  the  crystal  of  ruby,  it  is  possible  to  bring  the 
interval  being  investigated  to  several  kaysers.  In  our  experiments 
was  overlapped  the  interval  by  width  several  kaysers.  Figure  10  is 
given  the  virtually  undistorted,  completely  allowed  spectrum  of  the 
atmosphere  in  area  of  laser  eiission  cr  ruby,  obtained  with  the  aid 
cf  our  methed. 

Page  7C. 

Figure  depicts  region  of  the  spectrum  by  the  width  a  total  of  1 
of  cm~*.  According  to  literature  data,  in  this  section  must  be  of  2 
lires  cf  abserption  however  we  reveal/detected  10.  True,  8  of  them 
very  small  intensity,  but,  nevertheless,  they  were  well  visible. 
Ciscovery/opening  these  lines,  cn  one  hand,  convincingly  demonstrates 
the  remarkable  possibilities  of  laser  spectrometry,  with  another,  it 
testifies  that  in  the  near  future  we  is  determined  a  large  number  of 
the  net  discovered  previously  weak  lines,  it  is  completely  possible 
that  all  atmospheric  windows  are  densely  filled  by  suzh  lines. 
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The  component  pact  of  the  described  spectrometer  one  should 
consider  vacuum  multipass  cell  with  the  basis  between  rotary  mirrors 
5  a.  Ideal  optical  and  mechanisms  of  cell  together  with  the  system  of 
the  preparation  of  gas  mixture,  change  and  cf  the  measurement  of 
their  temperature,  pressure  gases  being  investigated  provide  the 
possibility  of  the  simulation  cf  the  conditions  in  which  laser 

ea issicn/radiation  can  render/show  in  atmospheric  boundary  layer,  at  > 

different  height/altitudes  and  in  different  climatic  zones. 
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Fig.  10.  Spectrum  of  absorption  of  the  atmosphere,  written  with  the 
aid  of  laser  spectrometer  in  area  of  the  e  miss  ion/radiation  of 
generator  cn  ruby.  Along  the  horizontal  axis  are  plotted  the 
wavelengths,  on  vertical  -  an  absorption  coefficient  in  the  lea  ysers 
cf  the  layer  of  the  precipitated  water. 

Page  71. 

with  the  distance  between  rotary  mirrors  5  m  under  laboratory 
conditions,  it  is  possible  to  bring  because  of  multiple  reflection 
the  path  length  of  ray/beaa  in  cell  to  1  km.  pressure  in  cell  can  be 
changed  from  the  decamillion  portions  cf  the  atmosphere  to  2  atm., 
temperature  -  from  20  to  90°C. 

Theory  of  absorption. 

In  principle  the  problem  of  the  quantitative  estimation  of  the 
coefficients  of  absorption  cf  monochromatic  radiation  or  obtaining  of 
the  completely  allowed  spectra  of  the  absorption  of  atmospheric  gases 
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can  solve  the  theory.  However,  from  possibilities  in  principle  to 
their  practical  realization,  frequently  there  is  enoraous  distance. 

So  and  here.  In  fact,  for  deterxining  the  coefficients  of  absorption 
cf  any  wavelength  it  is  necessary  to  have  sufficiently  precise  data 
in  all  on  three  parameters  -  on  the  positicr  cf  centers,  intensity, 
the  fcra  of  the  duct/contours  of  the  lines  which  can  affect  radiation 
absorption  from  this  by  wavelength.  Theoretically  we  can  determine 
these  parameters,  but  how  accurately? 

Por  obtaining  of  the  absorption  coefficients,  suitable  for  the 
quantitative  estimation  of  the  absorption  of  laser  emission/radiation 
in  the  atmosphere,  it  is  necessary  to  have  data  on  the  centers  of 
lines  with  accuracy  not  less  than  0.01  cn“*.  In  addition,  the 
selected  duct/contcur  of  the  line  must  accurately  describe  real 
picture,  in  what  we  cannot  be  confident  until  we  obtain  the 
experimental  confirmation  (practice  will  always  carry  final  sentence 
to  theory)  ,  and  finally  for  calculation  are  necessary  the 
hiqh-precisicn  data  on  line  intensity.  Enploying  the  existed  until 
recently  proceduras  it  was  not  possible  to  sufficiently  accurately 
determine  the  initial  ones  cf  the  parameters  and,  therefore,  to 
obtain  correct  final  results.  They  at  best  gave  more  or  less 
satisfactory  results  for  the  most  intense  lines,  arrange/located  in 
the  central  areas  of  absorption  bands  which  were  enclosed  for 
practical  use. 
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page  72. 

Greatest  practical  interest  is  of  the  quantitative  estiaation  of 
the  absorption  coefficients  in  areas  of  the  windows  of  transparency 
cf  the  atmosphere  with  the  weak  lines  of  absorption.  The  calculation 
of  the  parameters  of  weak  lines  is  most  difficult.  Weak  lines,  as  a 
rule  they  appear  during  transitions  between  high  molecular  energy 
levels  which  most  of  all  are  subjected  to  the  effect  of  the  various 
kinds  of  interactions  within  mclecules  and  between  then.  It  is 
possible,  perhaps,  to  formulate  such  qualitative  it  guided:  the 
weaker  the  line,  the  more  difficultly  it  is  to  determine  its 
parameters.  By  the  way,  this  rule  is  applicable  also,  to  the 
experimental  determination  cf  the  parameters  of  lines.  At  the  same 
tixe  the  weaker  the  line,  the  there  is  more  the  practical  interest  in 
its  study. 

tinder  standing  the  enormous  practical  value  of  sufficiently 
precise  data  on  the  parameters  of  the  lines  of  the  absorption  of 
atmospheric  gases  in  optical  wave  band  and  giving  up  report  on 
extremely  great  difficulties,  we  (author  it  bears  in  mind  first  of 
all  of  its  colleague-theorists)  nevertheless  they  risked  to  attempt 
tc  create  this  method  of  calculation  which  would  make  it  possible  to 
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obtain  the  parameters  of  lines  with  previously  unattainable  accuracy. 

The  many-year  stressed  work  is  found  in  the  concluding  phase. 

The  created  algorithms  cf  the  calculation  of  the  parameters  of  lines 
allow  (this  was  already  made  repeatedly)  tc  re  store/ reduce  entire 
spectrum  of  vibraticnal-rotational  absorption  land,  if  were  known  the 
sufficiently  Freci-se  parameters  of  several  lines.  But  the  parameters 
of  these  several  lines  thus  far  cannot  be  determined  theoretically. 
They  need  to  be  obtained  experimentally  and  utilized  as  the 
parameters  cf  standard  izaticn ,  or  the  parameters  of  scale. 

Page  73. 

The  solution  of  complex  problem  is  sufficient  precise 
experimental  determination  cf  the  parameters  cf  several  lines  in  each 
absorption  band,  obviously,  it  will  be  connected  with  the  development 
of  the  new  methods  of  spectroscopy  of  superhigh  resolution,  including 
oethcds  cf  laser  spectrometry. 

Practical  use  of  absorption  of  laser  emiss ion/radiat  ion  in  the 
atmosphere. 

Until  now,  we  spoke  about  the  absorption  of  laser 
ei issicn/radia tion  in  the  atmosphere  as  about  interference  or  barrier 
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which  the  atmosphere  creates  on  the  path  of  laser  beaa.  However,  in  a 
series  of  cases  this  phenomenon  can  be  utilized  for  solving  the 
important  applied  problems. 

So,  gas  laser  on  the  mixture  of  helium  with  neon,  the  wavelength 
of  emissicn/rad iat ion  of  which  coincides  with  the  center  of  the  weak 
line  of  the  absorption  of  methane,  can  be  used  for  measuring  methane 
concentration  in  the  atmosphere  with  high  accuracy. 

The  absorption  of  gas  laser  on  the  mixture  of  helium  with  neon 
in  wavelength  of  em iss ion/rad iat io r  1.15  pm  by  water  vapor  makes  it 
possible  tc  utilize  this  laser  for  the  precise  measurement  of 
humidity,  which  is  especially  important  in  winter,  when  the  existing 
standard  methods  do  not  provide  any  satisfactory  accuracy. 

The  creation  of  lasers  from  the  reconstructed  by  wavelength  of 
em issicn/radiation  will  make  it  possible  to  utilize  generators  for 
precise  quantitative  determ inatiens  of  the  concentration  of  any  of 
atmospheric  gases.  If  we  for  the  analytical  target/pur  poses  of 
selecting  the  powerful  lines  of  absorption,  then  laser  gas  analyzers 
can  be  it  will  be  made  ty  compact  ones. 

The  second  important  direction  of  the  use  of  radiation 
absorption  of  lasers  in  the  atmosphere  is  connected  with  the  laser 
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sounding  of  the  atmosphere.  It  proves  to  be  that  if  we  in  the 
ateosphere  direct  two  laser  pulses,  in  cne  cf  which  the  wavelength  of 
e»  issicn/radiation  coincides  with  the  center  of  the  line  of  the 
absorption  of  atmospheric  gas,  and  in  another  falls  between  lines, 
then  of  that  reflected  by  the  atmospheric  aerosol  layers  of  radar 
echos  it  is  possible  to  extract  information  about  the  airfoil/profile 
cf  the  concentration  of  the  corresponding  atmospheric  gas. 

Page  74. 

The  restcratimn/reduction  of  the  airfoil/profile  of  the  concentration 
cf  one  or  the  other  gas  indicates  the  presence  of  the  data  on  a 
ccrtinucus  change  in  the  concentration  in  the  course  of  the 
controlled  laser  beam.  Information  is  obtained  virtually  instantly, 
also,  without  any  effect  for  the  objective  cf  investigations. 

There  is  no  doubt  that  both  of  directions  of  the  use  of  a 
phenomenon  of  the  absorption  of  laser  emissicn/radia  tion  in  the 
atmosphere  in  the  near  future  will  have  extensive  application  during 
the  development  of  the  new  methods  of  the  study  of  the  earth's 
atmosphere  whose  results  are  important  for  many  directions  of  science 
and  technology. 
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chapter  Three.  0 

DISSIPATION  OF  ENERGT  OF  BEAU  IN  THE  ATMOSPHERE. 

Nature  of  the  phenomenon  of  scattering. 

Simultaneous!,  y  with  the  absorption  of  laser  eaiss  ion/radiation 
the  atmosphere  is  capable  it  of  scattering.  The  energy  losses  of 
ray/beam  can  occur  as  a  result  of  the  scattering:  1)  durinq  the 
fluctuations  (fluctuation  -  deviation  froa  average  value)  of  the 
dersity  of  molecules  (the  sc-called  molecular,  or  Rayleigh 
scattering);  2)  on  the  particles  of  aerosols  even  3)  on  the  random 
heterogeneities  of  the  atmosphere,  caused  by  tcrbulent  air  motion. 

The  physical  cause  for  the  dissipation  of  energy  of  laser  bean 
in  all  cases  is  identical  and  consists  in  following.  If  on  the  path 
of  light  ray  is  encountered  optical  heterogeneity,  or,  speaking  in 
ether  words,  the  localized  volume  the  refractive  index  of  which 
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differs  free  the  refractive  index  of  nedius,  then  bean  direction 
changes.  The  degree  of  deviaticn  of  ray/beai  depends  on  the 
difference  between  the  refractive  indices  of  the  heterogeneity  of 
median  and  on  the  angle  at  which  the  ray/bean  enters  heterogeneity. 

Participating  in  chaotic  therval  agitation,  the  nolecules  of  air 
create  the  random  fluctuations  of  atnospheric  density,  which  are  the 
optical  heterogeneities  of  medium. 

Page  76. 

lurbulent  air  motion,  caused,  for  exanple,  by  the  wind,  also  create 
the  heterogeneities  in  the  atmosphere  whose  sire/dimensions  are 

a 

considerably  be  greater  than  in  the  case  of  the  fluctuations  of 
density,  caused  by  the  chaotic  thernal  agitation  of  nolecules. 
Finally,  any  particle  of  aerosols  is  the  clearly  exprassed  optical 
heterogeneity  the  refractive  index  of  which  noticeably  differs  from 
the  refractive  index  of  air. 

Any  deflection  of  any  lean  free  bean  of  light  leads  to  the 
dissipation  of  energy.  The  quantitative  evaluation  of  energy  losses 
during  scattering  is  deternined  by  coefficient  of  scattering.  The 
intensity  of  diffuse  radiation  (as  absorbed)  is  described  by 
exponential  law.  In  the  index  of  the  exponential,  enters  the  product 
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cf  coefficient  of  scattering  to  the  path  length  of  ray/beaa,  passable 
in  the  ataosphere. 


The  calculations  of  the  coefficients  of  aclecular,  aerosol  and 
turbulent  dissipation  shoved  that  during  turbulent  dissipation  froa 
light  bean  is  deri ve/ccrcluded  incomparably  less  energy  than  vith 
iclecular  and  aerosol,  and  these  losses  can  be  disregarded.  The 
random  heterogeneities  cf  the  turbulent  ataosphere,  without  having 
noticeable  effect  on  power  engineering  of  laser  eaission/raiia tion  as 
a  whole,  essentially  change  structure  in  the  cross  section  of 
ray/beaa. 


The  aclecular  scattering  cf  the  elect rcaagnetic  waves  of  optical 
range  is  is  sufficiently  well  studied.  Are  comprised  the  vast  tables 
cf  coefficients  of  scattering  in  the  ultraviolet,  visible  and 
infrared  regions  of  the  spectrua.  These  coefficients  do  not  virtually 
depend  on  tine  and  place,  at  least  in  the  lower  30-kilonet er  layer  of 
the  ataosphere.  On  the  contrary,  coefficients  of  aerosol  scattering 
substantially  affect  the  size/diaensiens,  the  cheaical  con  position 
and  the  concentrations  of  particles  of  the  aerosols.  Each  of  these 
paraaeters  is  subjected  to  large  variability  in  tine  and  space. 

Page  77. 
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Atiospheric  aerosols. 

The  quantitative  evaluation  of  the  energy  losses  of  laser 
eeissicn/r adiation  because  cf  scattering  by  aercsols  is  possible  in 
the  presence  of  the  reliable  data  on  all  fundamental  characteristics 
of  ateospheric  aerosols. 

Despite  the  fact  ttat  the  parameters  of  atiospheric  aerosols  are 
changed  within  very  wide  linits,  it  is  possible  to  isolate  soee 
characteristic  types:  cloud,  nist/fogs,  lists,  dost,  fuses, 
condensation  nuclei.  Tc  aercscls  can  be  attributed  resid  ue /settlings, 
sirce  in  cciparison  with  the  velocity  of  propagation  of  luiinous 
radiation  the  rate  of  the  precipitation  of  residue/set tlings  is 
regligible  and  the  particles  of  residue/settlings  can  be  considered 
suspended  in  the  atnosphere. 

Clouds  and  nist/fogs  are  liquid-drop  and  crystal.  The  first 
consist  of  the  spherical  particles  which  can  main  liquid  and  at 
sinus  teiperatures  (the  so-called  supercooled  clouds).  Ice  clouds  and 
■  ist/fegs  include  the  particles  of  irregular  fore  -  crystalline 
particles  cf  ice.  Can  be  encountered  also  the  clouds,  which  consist 
of  the  ice  spheres  (during  the  continucus  ceding  of  the  supercooled 
clcuds  cf  its  particle  they  freeze). 
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As  the  important  characteristic  of  any  cloud  serves  the  spectrua 
cf  the  size/diaensions  of  its  particles,  i.e. ,  particle-size 
distribution.  The  processes  of  foraation  of  clouds  and  fogs  are 
connected  with  the  changing  over  wide  Unite  different  factors,  which 
are  deteraining  an  increase  in  the  drops  and  crystals.  To  then  they 
are  related:  the  dependence  of  the  rate  of  growth  on  concentration, 
cn  according  to  sizes,  on  the  rature  of  condensation  nuclei,  on 
tevperature  and  rate  of  cooling  of  air,  on  the  scales  of  turbulence 
and  its  intensity,  on  the  scurces  of  acisture,  etc.  Due  to  the 
diversity  of  these  factors  thus  far  it  is  not  possible  to  solve  a 
question  concerning  distributicn  and  change  in  the  particles  of  the 
clcuds  and  aist/fogs. 

Page  78. 

The  spectra  of  the  size/diaensiens  of  these  particles  in  different 
stages  of  their  developaent  are  obtained  during  experiaental 
investigations.  In  the  majority  of  the  cases,  particle  distribution 
of  the  clouds  and  aist/fogs  is  described  by  one-vertex  bell-shaped 
asyeaetric  curve,  typical  fora  of  which  is  shown  on  Pig.  11. 

Clouds  and  aist/fegs  of  various  foras  and  stages  of  developaent 
differ  froa  each  other  in  teras  of  the  values  cf  paraaeters  r  and  A. 
As  a  role,  at  the  initial  stage  of  foraation  of  cloud  or  fog  the  aost 
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probable  radius  of  particles  and  a  half-width  of  distribution  have 
lirimuv  value.  In  other  words,  condensation  only  begins,  the  particle 
of  even  smaller  size/dimersicns,  increase  they  lore  or  less  evenly. 

In  different  stages  of  cloud  and  the  mist /fogs  can  have  the  different 
values  of  parameters  r  and  A  in  dependence  on  the  conditions,  under 
which  occur  condensation  processes.  For  the  clcuds,  which  do  not  give 
residue/settlings,  most  freguently  value  r  is  included  in  the 
interval  of  4-6  p,  but  value  A  has  sufficiently  high  value  (wide 
distributions).  In  the  aist/fogs  which  are  formed  above  airfields 
with  the  intense  motion  of  aircraft,  value  r  is  usually  equal  to 
approximately  1  p,  and  value  A  is  small  (narrow  distributions)  .  This 
is  connected  with  the  fact  that  the  exhaust  of  aircraft  contain  the 
nuclear  mass  of  the  condensation  of  approximately  identical 
size/dimensions. 
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Fig.  11.  Typical  curve  of  particle  distribution  of  the  water  clouds 
and  nist/fogs  according  to  size/diaensions .  Along  the  horizontal  axis 
are  plotted  the  sizes  of  particles  (a  -  radius  cf  particle),  along 
vertical  -  a  number  of  particles  with  the  appropriate 
size/diaensicgs,  or  a  particle-size  distribution  function  of  f(a). 
Function  f (a)  has  two  parameters:  the  nost  protable  radius  of 
particles  r  (radius  of  particles,  which  corresponds  to  the  naxinua  of 
furcticn  f  (a),  in  figure  -  f(n)  and  the  half-width  of  distribution  A 
(width  of  distribution  at  the  level  1/2fa) . 

Page  79. 

If  we  summarize  all  the  studied  spectra  of  the  sizes  of  the  particles 
of  the  clouds  and  aist/fogs,  then  it  appears  that  value  r  is  changed 
within  limits  from  0.5  to  10  p,  and  the  width  of  distribution  -  20-30 
times. 

The  following  important  character ist ics  of  clouds  and  aist/fogs 
are  concentration  of  particles  and  connected  with  it  liquid-water 
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content.  Osually  particle  concentration  characterizes  their  nuaber 
intc  of  1  ca3,  and  liquid-water  content  is  aeasured  ia  grans  to  cubic 
■eter.  Analogously  is  deterained  absolute  huaidity. 

With  by  concentration  cf  particles  and  liquid-water  content  is 
connected  also  this  practically  important  value,  as  visibility  in 
cloud  or  nist/fog.  With  the  saae  visibility,  the  concentration  of 
particles  and  liquid-water  content  can  have  the  different  values. 
Table  3  gives  the  values  of  liquid-water  content  and  concentration  of 
different  in  sizes  particles  of  the  clouds  and  aist/fogs  with  the 
same  visibility. 

As  can  fce  seen  from  table,  with  the  visibility  in  cloud  or 
■  ist/fcg,  equal  to  200  a  (by  the  way,  its  this  aost  probable  value), 
liquid-water  content  and  particle  concentration  can  differ 
respectively  20  and  1000  tines. 
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Table  3.  Liquid-water  content  and  concentration  of  particles  of 
different  clcuds  and  nist/fcgs. 
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Mete.  Nuaerator  -  most  probable  value  of  the  parameter  A, 
de rcninator  -  value  A,  are  5  tiaes  smaller  than  nost  probable  (narrow 
distributions,  characteristic  for  the  initial  stage  of  cloud,  either 
mist/fog  or  for  the  specific  mist/fcgs  above  airfields) . 

> . 

Key;  (1).  Cloud,  ■  ist/fog.  (2).  Value  r,  y.  (3).  Liquid-water 
content,  g/e3.  (4)  .  Wunber  of  particles  into  of  1  c*3.  (5)  . 
Light-droplet.  (6).  Hediua-drop.  (7).  Heavy-droplet. 

lace  80. 

The  nost  probable  value  of  water  content  of  clouds  and  nist/fogs  is 
equal  approxieatel  y  of  0.1  g/e3,  i.e.,  water  in  cloud  or  nist/fog  is 
considerably  less  than  is  found  in  vaporous  state  in  the  surrounding 
cloud  atnosphere.  Let  us  recall  that  the  absclute  humidity  in 
saturation  state  by  the  water  vapor  at  tenperature  of  -20°C  is  equal 
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to  1.73  g/«*,  at  0°C  -  4.84*5  g/n’,  at  20®C  -  17.27  g/a*. 

Mists  call  the  aost  frequently  encountered  clouding  of  the 
atnosphere  by  the  particles  cf  relatively  stall  size/i  iaensions  with 
visibility  in  the  ataospheric  boundary  layer  of  aore  than  1-2  lea. 
Perhaps,  it  is  possible  to  say  that  aist  -  this  usual  state  of  the 
atnosphere,  in  any  place  and  at  any  tine  that  liaiting  is  the  range 
of  visibility  in  coapariscn  with  its  value  in  the  pure/clean 
(Rayleigh)  atnosphere,  equal  to  approxiaat ely  340  ka.  The  particles 
clcudying  the  atnosphere  can  be  liquid,  solid,  aoistened  and  not  wet. 
liquid  particles  have  a  forn  of  sphere,  solid  -  any  fora.  Most 
frequently,  apparently,  aeet  two-layered  particles  with  solid  nucleus 
and  liquid  shell.  Their  ferm  depends  on  the  relationship/ratio  of 
nuclear  sizes  and  stells. 

With  the  conteaporary  netheds  of  the  experiaental  studies  of 
ataospheric  aerosols,  to  accurately  deteraine  the  particle  shape  of 
the  aist  is  iapossible.  The  data  on  sizes  of  particles  and  their 
coaposition  also  are  not  characterized  by  high  accuracy.  The  obtained 
during  experiaents  data  on  the  nicrostruct ure  cf  aist  aade  it 
possible  to  isolate  three  batetes  of  particles:  1)  Aitken's  nucleus 
(froa  0.001  to  0.1  p)  J  high  particles  (froa  0.1  to  1.0  p)  and  3) 
giant  particles  (aore  than  1.0  p) . 
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It  is  expediant  to  still  introduce  the  concept  of  optically 
active  and  optically  inactive  particles.  The  first  include  such, 
which  rcticeably  affect  scattering  eaission/r adiat ion.  Scattering  the 
radiation  of  optically  inactive  particles  can  te  disregarded.  Their 
iraxinun  size  depends  on  the  wavelength  of  exission/rad ia tion. 

Fage  81. 

The  save  particles  in  different  wavelength  ranges  can  be  both 
optically  inactive  and  optically  active  ones  and  even  naxiaally 
optically  active  ones.  As  criterion  here  serves  the  ratio  of  particle 
sizes  tc  the  wavelength  of  enission/r adiat icn.  If  this  sense  is  close 
tc  0,  then  we  deal  with  optically  inactive  particles,  if  it  is  close 
to  1,  then  particle  aost  effectively  scatters  etission/radiation. 

The  analysis  of  the  data  cn  coefficients  cf  scattering  for 
different  wavelengths  and  particle  sizes  shewed  that  for  any 
wavelength  seen  and,  all  the  aore,  the  infrared  region  of  particle 
with  the  linear  dimensions  cf  less  than  0.  1  p  (Aitken*  s  nucleus)  it 
is  possible  to  consider  the  as  optically  inactive.  Subsequently  we 
will  be  interested  cnly  in  optically  active  particles. 

Per  the  particles  of  nist.  and  condensation  nuclei  whose  linear 
diaensions  are  be  greater  0.01  p,  are  acst  fregoentl y  characteristic 
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cne-vertex  distribution  curves  with  maximum  in  area  of  several 
hundredths  of  micron.  Farticle  distribution  with  size/dimensions 
larger  than  0.1  >j  is  tte  aorotcr ically  decreasing  with  an  increase  in 
the  size/dimensions  curve.  Young  it  proposed  for  describing  this 
curve  the  simple  exponential  function  which  has  base  number  - 
particle  size,  and  index  -  empirical  constant.  This  distribution  is 
accepted  to  call  distribution  Young.  As  far  as  value  is  concerned  of 
empirical  constant,  it  car  take  values  frcx  2  tc  5,  dapending  on  time 
and  place.  Distribution  Young,  it  goes  without  saying,  very 
approximately  describes  real  picture,  and  far  not  in  each  specific 
case  to  it  corresponds  the  spectrum  of  particle  sizes.  However,  with 
different  kind  calculations  researchers,  after  the  lack  of  another, 
are  forced  to  utilize  distribution  Young. 

Particle  concentration  with  the  size/d ime rsions  of  more  than  0.1 
fj  changes  within  very  wide  limits  both  in  tte  atmospheric  boundary 
layer  and  at  different  height/altitudes. 

Pace  8  2. 

In  spite  of  this,  it  is  possible  to  call/name  some  general  laws 
governing  a  change  in  the  particle  concentraticn  with 
height/altitude.  In  the  lower  troposphere  usually  is  observed  the 
rapid  exponential  decrease  of  this  value.  Ir  the  upper  troposphere  is 
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noted  the  weak  dependence  of  concentration  on  height/alt itude,  then 
it  increases  with  height/altitude,  reaching  maximum  at 
height/altitudes  f rcn  15  to  23  km,  with  farther  increase  in  the 
height/altitude,  relatively  sharply  it  decreases. 

The  measurements  of  particle  concentrations  at  haight/altitude 
it  is  were  than  30  km  insufficiently  for  conclusions  about  their 
absolute  values  and  height  dependence.  However,  the  fact  of  presence 
in  the  atmosphere  of  aerosol  particles  up  to  the  maximum  altitudes  at 
which  were  conducted  the  investigations  (approximately  500  km),  does 
not  cause  doubts. 

There  is  a  number  of  the  investigations  in  which  is  revealed  the 
complex  dynamic  aerosol  structure  of  the  atiosphere  up  to  high 
height/altitudes.  Besides  the  layer  of  aerosols  at  height/altitudes 
from  15  to  23  km,  the  scientists  reveal/detected  a  series  of  other, 
small/finer  layers,  height/altitude  and  vertical  extent  of  which  is 
changed.  It  is  completely  possible  that  daring  the  use  of  new  methods 
of  studies,  which  possess  considerably  larger  accuracy,  will  be 
reveal/detected  the  fine  structure  of  aerosol  layers.  Is  very 
promising  in  this  plan/layout  the  method  of  the  laser  sounding  of  the 
at  tesphere. 


Residue/settlings  always  contain  large/coarse  particles.  The 
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ratio  cf  the  sizes  of  the  particles  of  the  res  idu  e/set  flings  to  the 
wavelengths  of  the  visible  region  of  the  spectrua  is  aeasured  by 
value  froa  hundred  to  thousands  of  unity.  Table  4  gives  data  on  the 
paraaeters  cf  rains  of  saall  and  large  intensity. 
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Table  4.  Paraaeters  of  rains. 
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Key:  (1).  Rain.  (2).  Intensity,  mra/h.  (3).  liquid-water  content, 
g/«3.  (4).  Nuaber  of  drops  into  of  1  a3.  (5).  Radius,  an.  (6) 
taxiaut.  (7)  aost  probable.  (8).  Coefficient  of  weakening,  ka-».  (9). 
Seak.  (10).  Fowerful. 

Face  83. 


The  overwhelning  aajority  of  rains  has  liaits  of  intensity, 
indicated  in  table.  Very  rarely  there  are  rains  of  considerably 
larger  intensity.  In  1911  in  Panama,  passed  the  cloudburst  with  the 
intensity  of  1360  aa/h,  while  in  1913  in  Sochi,  -  224  aa/h . 

Particle  distribution  in  residue/settlings  according  to 
size/diaensicns  is  described  by  one-vertex  asyaaetric  curved, 
analcgcus  curve  for  clouds  and  aist/fogs. 


Thus,  the  aost  frequently  encountered  types  of  aerosols  (cloud 
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and  aist/fogs,  lists,  residue/settlings)  sharply  differ  in  particle 
sires.  If  for  lists  are  aost  probable  size/diaensions  into  the 
hundredths  of  aicron,  for  aist/fogs  and  clcuds  several  Bicrons,  then 
in  residue/settlings  they  oscillate  froa  ten  to  hundreds  of  Bicrons. 
In  nature  can  meet  the  unstable  interaediate  types  of  aerosols,  for 
example,  during  transition  froa  aist  to  aist/fog  or  cloud,  froa  cloud 
without  residue/settli ngs  tc  clcud  residue /sett lings . 

Ihe  aolecular  scattering  of  optical  radiation. 

the  aclecular  scattering  of  optical  radiation  is  is  sufficiently 
well  studied  over  a  wide  range  cf  wavelengths. 

Table  5  gives  the  values  cf  the  coefficients  of  aolecular 
scattering  for  teaperature  of  15®c  and  pressures  1  ata.  (atmospheric 
boundary  layer),  and  also  value  of  the  optical  thickness  of  the 
vertical  layer  of  the  entire  ataosphere  for  a  series  of  wavelengths 
it  range  free  0.30  to  1.C6  p. 

The  coefficient  of  aclecular  scattering  is  inversely 
pxcportional  to  the  fourth  degree  of  the  wavelength  of 
eaission/r adiation ,  and  therefore  it  rapidly  decreases  in  proportion 
to  advance  frea  ultraviolet  to  to  the  infrared  regions  of  the 
spectrua,  which  distinctly  evident  alsc  frea  table. 
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Page  84. 

Siiultaneocsly  with  the  decrease  of  coefficient  of  scattering  just  as 
rapidly  decreases  with  wavelength  the  optical  thickness  of  the 
vertical  column  of  the  atmosphere.  Let  us  note  that  the  optical 
thickness  is  the  index  of  exponential  function  with  minus  sign,  the 
describing  transparency  atmosphere.  Easis/tase  in  this  function 
exists  a  Naperian  base,  i.e.,  number  e=2. 7.  Thus,  if  the  transparency 
cf  an  entire  thickness  cf  the  Rayleigh  atmosphere  in  vertical 
direction  in  ultraviolet  region  for  a  wavelength  0.30  p  is  egual  to 
29o/o,  then  for  wavelength  0. 5?  p,  corresponding  to  maximum 
sewsitivity  cf  human  eye,  it  has  already  been  raised  to  91o/o. 

In  the  infrared  region  of  the  spectrum,  tfce  coefficients  of 
molecular  scattering  descend  to  such  an  extent,  that,  as  a  rule,  then 
can  be  disregarded  in  comparison  with  coefficients  of  aerosol 
scattering. 
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Table  5.  Values  of  the  coefficients  of  aolecular  scattering  and  of 
the  optical  thickness  of  the  vertical  layer  of  the  ataosphere  for 

scae  wavelengths. 
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Key:  (1).  Wavelength,  p.  (2).  Coefficient  of  sclecular  scattering,  tea 
«►  (3).  Optical  thickness  of  vertical  layer  of  Rayleigh  ataosphere. 
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Energy  losses  because  of  the  nolecular  scattering  of  laser 
e» issicn/radiation  do  not  have  a  specific  character,  and  the  given  in 
table  values  of  coefficients  of  scattering  and  cf  optical  thicknesses 
it  is  ccnpletely  used  both  to  laser  ones  and  to  theraal  sources. 


Scattering  of  optical  vaves  by  aerosols 
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In  practice  usually  is  utilized  the  concept  of  voluaetric 
coefficient  cf  scattering,  i.e.,  the  coefficient  of  particle 
scattering,  included  per  unit  cf  veluae.  Its  value  is  deterained 
through  the  coefficients  of  scattering  the  single  particles,  which 
are  contained  in  single  veluae,  the  particle-size  distribution 
function  and  concentration  of  particles  (nuaber  of  particles  per  unit 
cf  voluae)  . 

Dispersive  nediua  can  consist  intc  soae  cases  of  the  particles, 
transparent  for  the  given  wavelength  of  ea ission/radiation,  in  other 
cases  of  particle,  they  can  absorb  the  falling/incident  on  than 
ea issicn/radia tion .  Typical  exanple  -  particle  of  liquid  water.  They 
are  transparent  in  visible  range  and  possess  sufficiently  powerful 
absorption  in  distant  infrared  region.  Therefore  the  energy  losses  of 
the  spread  in  aero *cl  nediua  eaission/radiat ion  in  the  general  case 
are  coaposed  of  strictly  wave  dissipation  on  particles  because  of  its 
refractions,  reflections  and  diffracticn  and  energy  absorption  of 
wave  by  particle  itself.  If  particles  are  transparent,  then  we  deal 
with  pure  scattering,  if  particles  absorbing,  besides  scattering  aust 
be  considered  and  absorption.  Thus,  in  the  general  case  coefficient 
of  scattering  aore  right  would  be  call  the  coefficient  of  weakening 
which  is  defined  as  the  sub  of  the  coefficients  of  pure  scattering 
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and  absorption.  In  transparent  particles  the  coefficient  of  weakening 
is  equal  to  coefficient  of  scattering. 

(age  86. 

We  subsequently  will  operate  with  the  concept  of  coefficient  of 

scattering,  as  is  customary,  but  to  imply  ty  it  -  coefficient  of 

weakening.  i 

The  experiments,  carried  out  in  the  collective  of  the  author, 
made  it  possible  to  draw  the  conclusion  that  all  data  on  coefficients 
cf  scattering  to  identical  degree  were  suitable  for  describing  the 
energy  propagation  loss  in  the  appropriate  aeroscls  of  both 
incoherent  thernal  emission/radiation  and  laser  enission/r adiat ion 
with  the  same  wavelengths.  Consequently,  for  the  quantitative 
estimation  of  the  weakening  of  laser  esissicn/radiation  it  is 
possible  to  utilize  the  materials,  accumulated  for  many  years  of  the 
investigations,  carried  out,  also,  before  the  creation  of  lasers,  and 
after  their  appearance. 

scattering  by  one  particle. 

The  coefficiant  of  scattering  the  single  particle  of  the 

* 

spherical  form  of  radius  a  is  the  product  of  its  geometric  cross 
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section  va*  for  the  so-called  efficiency  factor  of  scattering  or  the 
furcticn  Hu,  designated  as  by  F(p,  a). 

The  parameter  p,  or  parameter  Hu,  characterizes  ratio  of 
particle  sizes  to  the  wavelength  (X)  of  incident  radiation  (p=2va/X), 
and  ■  -  the  so-called  composite  refractive  index  of  the  material  of 
the  particle  (in  clcuds  and  mist/fogs  -  particles  water  or  ice). 
Parameter  m  consists  of  two  components  -  real  refractive  index  and 
absorption  coefficient.  The  first  component  characterizes  the 
refracting  properties  of  substance,  by  the  second  -  absorbing. 

Function  K(p,  m)  is  taken  from  theory  Hu.  Its  exact  expression 
is  the  infinite,  weakly  converging  series.  luring  calculations  of 
this  function  a  series  they  break  cn  the  definite  article,  depending 
cr  the  reguired  accuracy  and  the  value  of  the  parameter  p.  The  sense 
of  function  K(p,  n)  it  is  not  difficult  to  understand.  Its  numerical 
value  determines,  what  guantity  of  falling/incident  for  geometric 
cross  section  particle  of  wave  energy  is  derive/concluded  from  flow 
because  of  scattering  (pure  scattering  plus  absorption). 

Page  87. 

So,  if  K  (p,  s)*1,  then  this  means  that  entire/all  fall  in  g/  incident 
for  the  section  of  particle  energy  is  scattered.  If  K(p,  m)>1  then 
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particle  derive/concludes  of  the  radiant  flax  lore  energy,  than  it 
falls  on  its  gecaetric  cross  section.  It  is  understandable  that  to 
each  value  n  corresponds  its  dependence  of  this  function  on  parameter 
Hu  (Pig.  12)  . 

Although  the  concrete/specific/actual  fori  of  the  function  Hu 
for  different  coaposite  refractive  indices  differs,  nevertheless  sone 
gereral  la%s  are  retained.  In  all  cases  with  the  tendency  of  the 
paraaeter  p  toward  0  function  Hu  also  it  approaches  0.  This  law  lakes 
it  possible  to  easily  explain  the  introduced  previously  concept  of 
optically  inactive  particles.  In  fact,  the  coefficient  of  scattering 
ere  particles  is  equal  to  the  product  of  its  gecietric  cross  section 
for  function  Hu.  Hence  it  is  clear  that  during  the  decrease  of 
particle  sire  its  coefficient  of  scattering  decreases  considerably 
faster  than  it  is  proportional  to  the  square  of  a  radius,  since  on 
the  square  of  a  radius  depends  the  geoietric  cross  section,  which  is 
nultiplied  during  the  deter xination  of  coefficient  of  scattering  by 
rapidly  decreasing  function  flu. 
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Fig.  12.  Fora  of  the  function  K(p,  ■)  at  the  value  of  parameter 
®=1«33  (liquid  water  in  the  visible  region  of  the  spectrua). 

Page  08. 

If  the  coefficient  of  scattering  snail  particles  (low  value  of 
parameter  Mu)  was  defined  crly  ty  geometric  cress  section  of 
particles,  then  in  this  case  one  particle  with  a  radius  of  10  p  would 
te  scattered  light  just  as  1,000,  000  particles  with  a  radius  of  0.01 
p*  The  behavior  of  function  Hu  in  the  regicr  of  saall  ones  p  to 
larger  degree  even  aaplifies  tic  difference  in  the  scattering 
properties  of  snail  and  high  particles. 

Specifically,  by  this  behavior  of  function  Hu  it  is  possible  to 
explain  that  the  fact  that  the  particles  of  list  weald  y  scatter 
ex issicn/radiation  in  infrared  region,  particles  of  clouds  and 
aist/fogs  do  not  virtually  detain  radio  wave.  In  each  the  cases  we 
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deal  with  the  low  value  of  parameter  Hu  and  in  accordance  with  the 
low  values  of  function  Hu. 

The  following  qeneral  law  governing  the  behavior  of  function  Hu 
is  connected  with  its  increase  during  an  increase  in  the  parameter  p. 
This  increase  and  achievement  cf  the  first,  or  the  main  thing, 
maximum  is  observed  at  all  values  of  parameter  m.  Principal  maximum 
falls  on  the  values  of  parameter  Hu,  by  which  the  linear  dimensions 
cf  particle  have  the  same  order,  as  wavelength,  one  should  note 
incomprehensible,  at  first  glance,  the  tor que/mcment,  connected  with 
the  fact  that  the  value  of  function  Hu  in  principal  maximum  several 
times  exceeds  1.  This  means  that  from  the  directed  radiant  flux  is 
derive/concluded  energy,  several  tines,  that  exceeding  its  value,  for 
the  gecmetric  cross  section  of  particle.  This  interesting  fact  is 
connected  with  the  fact  that  the  particle  agitates  by  its  presence 
only  not  that  part  of  the  light  wave,  which  falls  directly  on  it.  The 
passing  hereabout  from  particle  emission/radiation  also  changes  its 
direction  of  propagaticn  and,  therefore,  it  leaves  the  directed  flow. 

Page  89. 

During  farther  increase  in  the  parameter  p,  function  Hu 
decreases,  then  again  it  grow/rises,  and  so  forth.  The  naxinuns  and 
the  nininuns  become  increasingly  less  and  it  is  less.  Within  limit  at 
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the  high  values  of  parameter  Mu,  function  K  (p,  ■)  approaches  2  for 
particles  with  any  value  of  composite  refractive  index.  Let  us  note 
that  a  quantity  of  maximums  and  minimums  the  dependence  of  function 
Mu  cn  the  parametar  p  is  determined  mainly  fcy  the  value  of  the 
absorption  coefficient  of  the  xaterial  cf  particle.  In  the  strongly 
absorbing  particles  is  observed  only  cne  principal  maximum,  and  then 
function  K  (p,  m)  a sinptotically  tends  for  its  maximum  value  equal  to 
to  2.  Thus,  high  particles  deri ve/ccnclude  of  the  directed  energy 
flew  double  more  than  it  it  falls  cn  their  gecnetric  cross  section. 
Again  let  us  emphasize  that  the  concept  of  high  particle  relatively. 
The  sane  particles  can  be  even  larger,  and  small  ones,  everything 
depends  on  the  wavelength  of  the  spread  emission/radiation.  So,  the 
particles  of  rain  are  large  ones  fcr  emit/radiating  the  visible  and 
clcse  infrared  region  cf  the  scale  of  the  electromagnetic  waves  and 
siall  cnes  fcr  radio  waves. 

On  conclusion  of  this  section,  let  us  give  the  gr aph/ diagrams  of 
the  dependence  of  the  refractive  index  and  absorption  coefficient  of 
pure/clean  liquid  water  on  the  wavelength  of  emission/radiation  in 
range  from  0.54  to  25.5  p  (18,520-400  ci-*)  *  obtained  by  the  author 
acd  his  colleagues. 
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Pig.  13.  Dependence  of  the  refractive  index  of  water  on  wavelength  in 
the  region  of  the  spectrua  C.f-25  m - 

Eage  90. 

Figure  13  and  14  depicts  the  refractive  index  and  the  coefficient  of 
weakening  a,  connected  with  attenuation  coefficient  by  the  siaple 
correlation  (coefficient  a  is  equal  to  Frodcct  fro*  4.tv  to  absorption 
coefficient  where  v—  emission  frequency  in  ca-*). 

Along  both  axes  of  Fig.  14,  are  plotted  values  ca-1 ,  which  make 
ccspletely  different  sense.  Along  horizontal  axis  are  represented  the 
enissicn  frequencies,  on  vertical  -  the  kaysers  of  the  layer  of 
water. 


As  can  he  seen  from  figures,  the  refractive  index  of  liquid 
water  in  the  interval  of  wavelengths  in  question  varies  approxiaately 
frcu  1.1  tc  1.8  ana  has  6  more  or  less  clearly  expressed  uaxiuuus  and 
viniauas.  In  the  entire  visible  region  of  the  spectrum,  its  value  is 
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equal  to  1.33.  The  coefficient 
and  the  designed  Cor  the  basis 
takes  values  froa  0.563  (for  a 
(fcr  a  wavelength  0.558  n). 


cf  weakening  is  changed  by  6-7  orders, 
of  its  data  absorption  coefficient 
wavelength  17.39  p)  to  0.00,000,016 


— 
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Pig.  14.  Dependence  of  the  coefficient  of  absorption  of  water  on 
wavelength  in  the  region  of  the  spectrua  0.5-25  p. 

Fage  9  1. 

Volumetric  coefficients  of  scattering  clouds  and  aist/fogs. 

The  mcst  ccmplete  theoretical  and  experimental  data  on  the 
vclumetric  coefficients  of  scattering  liquid-drop  clouds  and 
mist/fcgs  were  obtained  under  author's  guidance.  He  have  developed 
the  approximation  method  cf  the  calculation  of  volumetric 
coefficients  of  scattering,  in  which  they  were  considered  both  real 
particle-size  distributions,  their  concentraticn  and  complexity  of 
the  refractive  index  of  the  material  of  particles.  Moreover  precise 
data  on  the  latter  are  also  obtained  in  our  collective.  On  the  basis 
cf  the  developed  method,  was  carried  out  the  calculation  of  the 
vclumetric  coefficients  of  scattering  clouds  and  aist/fogs  in  the 
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large  of  wavelengths  fron  0.31  to  25.3  p  of  all  possible  values  of 
the  parameters  of  the  particle-size  distribution  function. 

Per  experimental  investigations  we  have  created  the  complex  of 
equipment  which  made  it  possible  to  simulta reoesly  carry  out  the 
direct  measurements  of  the  volumetric  coefficients  of  water 
artificial  mist/fogs  and  of  all  micrcstructoral  parameters  (particle 
ccrcentraticn,  the  most  probable  radii  and  talf-widths  of 
distribution) . 
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Fig.  15  and  16.  Voluaetric  coefficients  of  scattecing  liquid-drop 
clouds  and  eist/fogs  with  the  different  values  of  the  aicrostructural 
parameters  at  visibility  200  ». 


Fey:  (1)  pm. 


Page  92. 

Thus,  was  provided  the  possibility  of  the  ccwparison  of  the  measured 
values  of  volumetric  coefficients  of  scattering  with  those  designed 
by  the  mic  rcstruct  oral  parameters.  The  analysis  of  comparative  data 
testified  to  the  high  accuracy  cf  our  calculated  method  and  results, 
cbtained  with  its  aid. 


Figure  15  and  16  gives  seme  of  the  results  of  the  calculations 
of  the  voluaetric  coefficients  cf  scattering  liquid-drop  clouds  and 
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mist/foqs  with  the  different  values  cf  the  aicrostruct ur al  paraaeters 
at  visibility  200  a.  First  figure  depicts  the  curves  of  the 
dependences  cf  voluaetric  coefficients  on  wavelength  in  the  case  of 
sufficiently  wide  distribution  with  the  different  values  of  the  aost 
probable  radios  of  particles.  The  second  figure  deaonstrates 
analogous  dependence  for  narrow  distribution. 

As  can  be  seen  frcm  figures,  the  heavy-droplet  clouds  and  the 
aist/fcgs  (acst  probable  radius  is  equal  to  10  p)  possess  the  very 
weakly  expressed  spectral  selectivity  cf  scattering 
eaissicn/radiation  in  all  investigated  wavelength  range,  in 
particular  during  the  wide,  aost  frequently  encountered  in  nature 
particle-size  distribution.  In  proportion  tc  the  decrease  of  the  aost 
probable  radius  and  half-width  of  distribution,  the  selectivity  of 
the  spectral  course  of  coefficients  of  scattering  grow/rises.  For 
example,  during  narrow  distribution  and  at  value  of  the  aost  probable 
radios  cf  1  p,  which  can  occur  in  the  specific  aist/fogs  above 
airfields,  the  faxiaua  and  ainiaui  values  of  coefficients  of 
scattering  differ  several  dozen  tiaes.  Moreover  area  of  the  saallest 
values  is  arrange/located  in  the  range  of  wavelengths  froa  8  to  12  p, 
i.e.,  cn  one  hand,  it  coincides  with  the  long-wave  atmospheric 
window,  on  the  other  hand,  precisely  into  this  area  falls 
eaiss ion/radiation  of  cne  of  the  aost  promising  gas  lasers  on  the 
fixture  of  carbon  dioxide  with  nitrogen  (aost  intense 
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exissicn/radiation  of  this  laser  is  observec  at  wavelengths  10.6  and 
9.3  m)  • 

Fage  93. 

Clouds  and  aist/fogs  in  the  range  of  wavelengths  0.3-25  p  are 
extreaely  insurnou ntable  barrier  on  the  way  of  the  practical  use  not 
only  of  usual  theraal  sources,  but  also  laser  p cwerf ul/thick 
rarrow-beam  eaitters  in  the  ataosphere.  Voluaetric  coefficient  of 
scattering  in  the  aost  freguently  encountered  clouds  and  aist/fogs 
(aost  probable  radius  within  the  liaits  of  4-6  p)  in  all  investigated 
wavelecgth  range  is  appro xiaatcly  egual  to  20  ka-‘  plus  ainus  several 
ka-i  with  the  aost  frequently  encountered  visibility  200  a.  But  this 
leans  that  with  the  passage  of  parallel  radiant  flux  through  the 
cloud  by  the  extent  of  1  ka  (clouds  are  apd  larger  vertical  power 
than  1  ka,  but  about  horizontal  extent  and  to  speak  soaething)  it  it 
will  be  attenuate/weakened  2.7*o  tines  !  Is  it  possible  to  record 
eaissicn/radiation  after  this  weakening?  The  conducted  experiaents 
shewed  that  it  is  possible,  but  if  eaission/radiat ion  possesses  very 
saall  divergence  and  the  f ield-cf- view  angle  of  receiver  is  egual  to 
the  argle  of  divergence,  i.e. ,  speaking  in  other  words,  if  these 
highly  directional  source  and  receiver  preliiinarily  accurately 
adjusted  and  then  rigidly  attached.  Yes  even  under  such  conditions 
recording  the  eais sion/radiation,  weakened  2.7*°  tiaes,  is  close  to 
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the  liait  cf  possible. 

Consequently,  laser  sources  have  the  incomparable  advantages  in 
comparison  with  thermal  ones.  The  more  precise  directionality  of 
poverf ul/thick  laser  emissicn/radi ation  makes  it  possible  "to  break 
down"  the  considerably  larger  thicknesses  of  clouds  and  mist/fogs, 
than  this  is  possible  during  the  use  of  thermal  sources.  Furthermore, 
under  specific  conditions  it  is  possible  to  rely  on  the  fact  that  the 
pomerf ul/thick  laser  bean  by  its  effect  on  cloud  or  mist/fog  mill 
break  down  to  itself  path,  evaporating  the  encountered  particles.  It 
is  completely  possible  that  the  supershort  momentum/ im pulse/pulses  of 
lamer  emission/radiation  better  traverse  aetcscl  layers  than 
ccrtinucus  or  quasi-continuous  emission/radiation. 
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Page  94. 

Volumetric  coefficients  of  scattering  of  aists. 

Etc*  the  comparison  of  the  spectra  of  the  sizes  of  the  particles 
of  the  clouds  and  mist/fogs,  cn  one  hand,  and  mists  -  with  another, 
and  the  analysis  of  the  dependence  of  the  coefficients  of  particle 
scattering  on  their  size/dimensions  or  paraaeter  Hu,  follows  the 
conclusion  that  for  aists  the  coefficients  of  scattering  must  be 
considerably  less  than  in  clouds  and  aist/fogs.  This  real/actually 
thus.  Furthermore,  it  proves  to  be  that  the  dependence  of  coefficient 
cf  scattering  on  wavelength  in  mists  is  expressed  much  more  clearly 
than  in  the  case  of  clouds  and  nist/fogs.  Per  illustration  we  give 
the  graph/diagraa  of  the  dependence  of  coefficient  of  scattering  in 
aists  with  the  different  value  cf  meteorological  visual  range  from  1 
to  50  km  in  the  interval  of  wavelengths  0.3-25  p  for  the  most 
freguently  encountered  spectra  of  the  particle  sizes,  described  by 
formula  Young  17).  Curve/graph  is  constructed  on  the  basis  of 

the  calculations,  carried  out  by  the  author  with  his  colleagues. 
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Pig.  17.  G  ra ph/dia  gran  of  the  dependence  of  the  coefficient  of 
scattering  on  wavelength  in  lists  of  the  different  values  of 
■eteorclogical  visual  range. 

Key:  (1)  .  ki .  (2)  . 

Page  95. 

In  the  calculations  of  the  values  of  the  coefficients  of 
scattering  nists,  was  considered  the  ccaplexity  of  the  refractive 
index  cf  the  particles  of  the  lists  which  were  considered  the  as 
water  spheres.  Thus,  the  obtained  values  of  coefficients  consider 
pere  scattering  on  particles,  and  the  absorption  by  thea  of 
eiiss ion/radiation.  The  data  on  the  ccaposite  refractive  indices  of 
water  were  obtained  in  our  collective.  For  the  siniiua  and  aaxiiui 
sires  of  particles,  were  undertaken  particles  with  the  radii,  equal 
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to  0.05  and  5.0  m* 

Let  us  consent  the  depicted  in  figure  curves  of  the  spectral 
dependence  of  the  coefficients  cf  scattering  cf  different 
visibilities.  First  of  all  strikes  the  sharp  decrease  of  the 
coefficients  of  scattering  durirg  an  increase  in  the  wavelength  frow 
0.3  to  2.7  p.  (Value  of  coefficient  of  scattering  in  this  interval 
decreases  16  tines).  This  sharp  decrease  caused  by  the  appropriate 
decrease  of  paraaeter  Hu  in  function  K(p>a)  explains  the  advisability 
cf  using  the  yellow  filters  in  usual  photograph.  Such  filters  "cut” 
the  acst  intense  phon  of  aist  ir  ultraviolet  region  and  in 
vicle-t-green  part  of  visible  spectrua.  If  the  sensitivity  of  the 
generally  accepted  photographic  materials  in  red  region  was  still 
above,  then  one  ought  not  tc  have  applied  net  yellow,  but  red 
filters.  In  infrared  photograph  it  is  possible  to  achieve  the  even 
better  results  during  photographing  of  the  hidden  by  aist  distant 
objects  because  of  the  sharp  decrease  of  coefficients  of  scattering. 

Let  us  observe  further  behavior  of  coefficients  of  scattering  in 
aists  with  an  increase  in  the  wavelength.  In  Fig.  17  we  see  two  sharp 
narrow  aaxiaaas  in  area  of  wavelengths  of  approxiaately  2.9  and  6. 0  m 
and  one  steady  wide  naxiaua  with  center  approxiaately  17  p.  They  are 
dae  by  their  origin  to  the  appropriate  aaxiauas  in  the  spectral  curve 
of  the  absorption  coefficient  cf  liquid  water. 


DOC  *  781723Q5 


FhGE  , 

lit, 


In  the  region  of  the  long-wave  atmospheric  window  -  innermost  minimum 
cf  the  coefficient  of  scattering  mists. 

Page  96. 

The  numerical  values  of  the  coefficients  of  scattering  mists  in 
region  0.3-25.3  p  are  civen  in  table  6,  comprised  for  the  most 
probable  values  of  the  parameters  of  micr  estructure  (minimum  and 
maximum  sizes  of  particles  0.05  and  5.0  p  on  a  radius,  exponent  in 
distribution  Young  it  is  equal  to  a,  visibility  in  atmospheric 
boundary  layer  10  km).  Coefficients  of  scattering  for  other 
visibilities  in  the  atmosphere  it  is  easy  to  obtain  from  these  these, 
taking  into  account  the  inverse  proportionality  of  these  values. 

Thus,  the  most  frequently  encountered  mists  have  coefficients  of 
scattering,  which  differ  for  different  wavelengths  more  than  60  tines 
(maximum  value  for  a  wavelength  0.3  and  minimum  in  area  8-11  p). 
However,  the  aaxinun  value  of  coefficient  of  scattering  is  more  than 
by  an  order  of  less  than  the  minimum  value  cf  the  coefficient  of 
scattering  the  most  frequently  encountered  clouds  and  mist  /fogs. 
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Thus,  lists  are  considerably  sore  transparent  than  clouds  and 
■ist/fegs  in  all  the  investigated  range  of  wavelengths.  Bat  an 
especially  large  difference  in  coefficients  cf  scattering  in  area  of 
the  lerg-wave  atmospheric  window:  here  it  it  reaches  three  orders  ! 
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'fable  8.  Values  of  the  coefficients  of  scattering  lists  in  region 


Key:  (1)  ,  Savelength  of  eaissicn/radiation,  jj.  (2)  .  Coefficient  of 
scattering,  km  *. 


Fage  97. 


Let  ns  note  that  the  nade  above  ccnclusicn/deriva tions  are 
instituted  cn  results  of  the  calculation,  carried  out  by  us  on  the 
basis  of  two  assumptions:  1)  the  particle  of  list  -  these  are  water 
spheres  and  2)  the  spectre*  of  their  s  ize/d  iaensions  is  described  by 
empirical  formula  Icung.  Strictly  speaking,  the  results  of 
calculation  are  inapplicable  to  mists  which  consist  not  only  of 
licuid-drop,  but  also  two-layered  particles  with  solid  nuclei  or  of 
the  solid  particles  of  irregular  fora.  However,  the  two- layer  nature 
of  particles  does  not  have  vital  importance,  if  the  size/d iaensions 
of  solid  nuclei  are  less  than  the  size/diaeisicns  of  shells,  which 
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usually  has  the  place.  If  the  particle  cf  list  cf  nonspher ical  fora, 
then  the  given  above  results  of  calculations  can  be  considered  as 
certain  ap prcach/a ppro vination  to  actuality;  this  degree  of 
approximation  it  is  caused  mainly  not  by  particle  shape,  but  by  the 
possible  difference  in  the  coapcsite  refractive  indices  of  liquid  and 
sclid  aeroscls.  Our  conducted  in  collective  calculations  of  the 
coefficients  of  scattering  the  ellipsoidal  vater  particles, 
chaotically  oriented  in  space,  they  shoved,  that  their  coefficients 
of  scattering  differ  little  frcm  the  coefficients  of  scattering  of 
the  vater  spheres  cf  equivalent  size/dimensions. 

Formula  Toung  very  approximately  describes  the  real  spectra  of 
the  sizes  of  the  particles  cf  the  mists.  Therefore  in  each  specific 
case  coefficients  cf  scattering,  generally  speaking,  must  differ  from 
those  designed  vith  the  application/use  of  a  formula  Toung.  Hovever, 
to  calculate  coefficients  of  scattering  for  the  real  spectra  thus  far 
is  impossible  for  lack  in  the  corresponding  data  on  the  particle-size 
distribution  functions. 

The  scarce  experimental  data  on  the  coefficients  of  scattering 
mists  mainly  in  the  visible  and  clcse  the  infrared  regions  of  the 
spectrum  are  in  the  qualitative  agreement  vith  data  of  our 
calculations.  About  quantitative  agreement  it  is  not  necessary  to 
speak,  since  in  all  carried  out  until  recently  experimental 
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in vestigat icrs  the  parameters  of  the  microstructur e  of  mists  mere  not 
measured. 

(age  98. 

Let  us  note  that  in  our  calculations  were  taken  the  different 
values  of  the  parameters  of  the  microstructure  of  mists  (different 
■  iminun  and  maximum  sizes  of  particles  and  indices  in  the  exponential 
furcticn  of  formula  Young).  It  is  reveal/detected  that  the  spectral 
course  of  coefficients  of  scattering  is  most  sensitive  to  the  index 
of  exponential  function.  The  decrease  cf  the  minimal  size  of 
particles  does  not  lead  to  substantial  changes  in  the  coefficients  of 
scattering,  that  again  confirms  the  presence  of  optically  inactive 
particles.  Indeed  the  decrease  cf  the  xiniaal  sizes  of  particles  will 
autcmatically  entail  the  inclusion  into  calculation  to  the  rapid 
degree  of  an  increasing  multitude  of  small/fine  particles. 

Let  us  give  that  constructed  cn  the  basis  cf  the  data  of  table  6 
cn  the  coefficients  of  scattering  the  curve/graphs  of  the  dependence 
of  the  aerosol  component  cf  spectral  transmittance  of  atmospheric 
boundary  layer  for  the  distances  of  the  propagation  of  radiation  1.10 
and  50  kn.  Curve/graph  visually  illustrates  the  energy  losses  of 
en  Iss ion/tad iat  ion  and  does  not  need  supplementary  coaaentaries  (Fig. 
I8p. 


nr" 
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Figures  19,  2  0  depict  the  dependences  cf  the  cosponent  of 
transparency  sist  in  vertical  direction  on  vavelength  in  the  interval 
cf  C.3-25  n ,  constructed  according  to  data  our  calculation. 
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Pig.  18.  The  spectral  tr answittance  of  mist  in  the  range  of 
wavelengths  0.3-25  p  with  meteorological  visual  range  10  km;  with 
8=4,  or  ,=0.  05,  a  2=5.  0  p . 


Fey:  (1)  .  km.  (2)  .  pm. 
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In  this  calculation  was  considered  the  ezpcrertial  decrease  of  the 
optically  active  particles  of  tie  mist  with  height/altitude  and  it 
was  assumed  that  the  spectra  of  size/dimensions  with  height/altitude 
do  not  change.  In  other  respects  the  calculation  was  performed  just 
as  for  an  atmospheric  boundary  layer.  Figure  19  shows  the  spectral 
transmittance  of  mist  in  the  vertical  direction  of  the  lower 
5-kilometer  layer  of  the  atwosphere  for  those  cases  when  visibility 
in  the  lowest  layer  of  the  atmosphere  was  equal  to  1.10  and  50  km. 
npper  curve  in  Pig.  20  characterizes  the  spectral  transmittance  of 
the  lower  half-kilometer  layer  of  the  atmosphere  with  visibility  in 
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the  Earth,  equal  to  5  ka.  Lower  curve  is  obtained  for  the  lower 
5-*ilcaeter  layer  of  the  atiosphere  under  the  saae  visibility 
conditions  in  the  Earth.  Eoth  curves  are  related  to  the  vertical 
layers  of  the  ataosphere. 
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Fig.  19.  The  spectral  transaittance  of  aist  in  the  vertical  direction 
of  the  lower  f  ive-  kiloaeter  layer  cf  the  atmosphere  with  the 
aeteorclog ical  visual  range  1.  1C  and  50  ka . 

Kef:  (1)  .  • 

Fig.  20.  Spectral  transaittance  of  aist  in  vertical  direction  for 
lafers  of  atmosphere:  1)  0-0.5  ka;  2)  0-5;  0  ka  with  meteorological 
visual  range  5  ka. 

Kef:  (1)  .  pa. 

Page  100. 

The  ccaparison  of  last/latter  three  figures  shows  that  haze  in 
vertical  direction  is  such  sore  transparent  than  in  ataospharic 
bcandary  layer.  The  preferred  portion  of  the  weakening  of 
eaiss ion/radiation  by  aist  in  vertical  directicn  falls  on  the  lower 
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half-kilometer  layer  of  the  atvcsphere. 

Coefficients  of  scattering  residne/settlings. 

Inasmuch  as  the  particle  of  residue/settlings  for  the 
wavelengths  of  eaission/radiaticn  in  visible*  close  and  average  the 
infrared  regiens  of  the  spectrum  can  be  considered  as  large  ones*  any 
particle,  without  depending  on  its  size/d iwensiens,  has  an  efficiency 
factor  of  scattering*  equal  to  2.  Hence  automatically  follows  the 
conclusion  that  the  coefficients  of  scattering  residue/settlings  in 
the  which  interests  us  wavelength  range  have  neutral  spectral  course* 
and  the  absolute  value  cf  volumetric  coefficients  of  scattering  is 
equal  to  the  doubled  geometric  cross  section  of  particles  per  unit  of 
volume . 

The  conducted  experimental  investigations  of  the  coefficients  of 
scattering  residue/settlings  (rains  and  snowfalls)  shoved  that  their 
value  is  sufficiently  unambiguously  determined  by  intensity  or  water 
content  of  residue  /settlings  in  complete  agreement  with  theoretical 
expectations.  The  absolute  value  of  the  coefficient  of  scattering  of 
intensity  cf  rainfall  10  nm/h  (average  value)  is  approximately  equal 
to  1  hm~».  On  path  1  km,  this  rain  will  at tenuate/veaken 
emission/radiat ion  by  approximately  60o/o. 
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In  spite  of  theoretical  forecasts,  carried  out  under  the 
quidance  of  the  author  of  measurement  in  visible  range  and  in  area  of 
the  lcrg-vave  atmospheric  window  it  becaae  the  different  values  of 
coefficients  cf  scattering. 

Page  101. 

However,  as  testifies  the  detailed  analysis  of  these  results,  their 
contradiction  to  theory  proved  to  be  that  seeaing.  Its  reasons 
ccasist  of  the  so-called  indicatrix  effect. 

Diagrams,  cr  indicatrices  of  scattering. 

Until  now,  we  examined  the  energy  losses  of  optical  waves  during 
their  propagation  through  the  ataosphere  as  dispersive  medium, 
independent  of  the  distribution  of  the  scattered  or  lost  energy  with 
respect  to  the  direction  cf  propagation  of  eiission/radiation.  But 
this  distribution  there  is  exactly  the  indicatrix  (diagram)  of 
scattering.  Coefficient  of  scattering  summarizes  in  itself  the  energy 
less,  scattered  in  all  directions,  i.e.,  coefficient  of  scattering  is 
cbtained  as  a  result  of  integrating  the  indicatrix  of  scattering.  And 
if  us  does  interest  only  total  quantity  of  leaving  from  the  directed 
energy  flow,  then  not  all  is  equal,  as  are  distributed  these  losses 
on  scattering  angles? 
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However,  for  a  large  quantity  of  scientific  and  applied  problems 
of  optics  of  the  atnosphere  and  the  connected  with  it  directions  of 
science  and  technology,  it  is  entirely  significant,  which  diagrae,  or 
indicatrix  of  scattering.  Scattering  angles  it  is  usually  accepted  to 
ccent  cff  froa  the  direction  of  propagation  of  eaiss ion/radiation, 
i.e.,  if  we  speak  about  forward  scattering  and  backward  scattering, 
then  there  are  in  fern  scattering  angles,  close  to  0  and  180°. 

For  nolecular  (Rayleigh)  scattering  the  indicatrix  is 
sytaetiical  (Fig.  2  1)  to  direction  of  propagation.  This  aeans  that  at 
angles  of  0  and  180;  90  and  270;  45,  135,  215  and  by  325°  and  so 
ferth  is  scattered  the  identical  energy  content. 

Entirely  appear  in  another  way  the  indicatrices  of  scattaring  of 
aerosol  particles,  let  us  exaaine  this  picture  based  on  the  exaaple 
of  the  well  studied  spherical  particles. 

Page  1C2. 

Cnly  snail  particles  with  the  walue  cf  coapcsite  refractive  index, 
close  to  1,  and  in  paraaeter  Hu-*0  have  analogous  Rayleigh  syaaetrical 
indicatrix  cf  scattering  (these  particles  reseable  the  randoa 
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localized  vcluaes  cf  the  increased  air  density,  calling  aolecular 
scattering  of  light)  .  But  the  already  stall  absolutely  reflecting 
{articles  hate  an  indicatrix,  sharply  elongated  back/ago.  It  attests 
to  the  fact  that  for  such  particles  the  larce  part  of  the  scattered 
energy  is  directed  to  rear  henispherc,  besides  predoai na ntly  at  the 
angles,  clcse  to  180°.  It  should  be  noted  that  asong  natural 
atiospheric  aerosols  there  are  no  absolutely  reflecting  or  close  to 
thee  particles.  Different  researchers  fer  the  {articles  of  the 
atiospheric  aerosols  in  the  visible  region  of  the  spectrua  take  the 
value  of  refractive  index,  included  in  range  frea  1.33  to  1.50. 

In  proportion  to  growth  of  paraaeter  Hu  ftca  0  to  •  indicatrix 
cf  splierical  {articles  continuously  changes  its  fora,  becoaing  ever 
aore  and  lore  elongated  forward  (effect  An).  Figure  22  depicts  the 
indicatrices  of  scattering  of  particles  with  the  different  values  of 
the  paraaeter  p.  Let  us  give  the  exaaple,  which  illustrates  a  change 
in  the  elongation  of  the  indicatrix  cf  transparent  particles  with  a 
refractive  index  1.5  and  with  a  radius  of  0.5;  1.5;  5.0  and  12.5  p 
fer  the  wavelength  of  eaission/radiation  0.5  p. 
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Fig.  21.  Indicatrix  of  molecular  (Fayleigh)  scattering. 

Page  1C3. 

It  is  not  difficult  to  calculate,  that  the  parameter  p  in  this 
exaaple  is  egual  to  6.28,  18.84;  62.8  and  157.  RatioAela*i°n 
scattered  into  the  front/leading  and  rear  hemisphere  of 
ei issicn/radiation ,  or  the  coefficient  of  asyaaetry  of  indicatrix  of 
scattering,  is  respectively  egual  to  17;  74;  823  and  16000.  Let  us 
rote  that  in  our  example  are  undertaken  the  real  aerosol  particles 
(first?  two  numerals  are  characteristic  for  the  particles  of  the 
lists,  second  two  -  for  the  particles  of  the  clouds  and  aist/fogs). 

On  a  change  in  the  fora  of  indicatrix  of  scattering  with  a 
change  in  the  particle  sixes,  has  effect  the  complexity  of  the 
refractive  index  of  the  material  of  particles.  Furthermore,  if  the 
calculation  cf  the  indicatrices  of  news  with  low  pitch  on  value  p. 


_ A 
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are  detected  rapidly  increasing  with  an  increase  in  the  scattering 
angle  of  the  oscillation  of  the  values  cf  the  intensity  of  that 
scattered  at  this  angle  of  radiation.  In  nature  they  no  value  have, 
since  virtually  disappear  in  the  indicatrix  of  scattering  of  real 
pclydisperse  aerosol,  i.e.,  the  aeroscl,  which  consists  of  the 
particles  cf  different  size/dinensions. 
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Fig.  22.  Indicatrices  of  scattering  of  particles  with  the  different 
values  cf  the  parameter  p. 

Page  1C4. 

UNITS  OF  THE  A  PPLICABI IITT  OF  THE  EX  FC  KENT  I AL  L  AH  OF  FADING. 


The  value  of  the  coefficient  of  scattering,  aultiplied  bp  the 
distance,  passable  tv  eaiss  ion/tadiaticn  ir  aediua,  gives  the  optical 
thickress  cf  layer  which  enters  into  the  index  of  the  exponential  law 
of  fading  (weakening)  eiission/radiaticn  because  of  scattering.  In 
the  presence  of  the  data  on  coefficient  of  scattering,  we  easily  can 
forecast  forecast  the  transparency  of  any  layer  of  dispersive  aediua, 
if  they  are  confident  in  the  applicability  cf  the  exponential  law  of 
fading. 


The  author  with  the  colleagues  of  the  institute  of  optics  of  the 


ataosphere  carried  out  the  extensive  studies  of  the  liaits  of  the 
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applicability  of  this  law  fcr  different  dispersive  media  and 
radiation  sources.  Special  attention  was  given  to  the  laser  radiation 
sources.  Let  as  examine  the  basic  reasons  for  the 
disturtance/breakdown  of  the  exponential  law  of  fading  which  is 
derived  from  the  assumption  that  the  particles  of  medium  scatter 
world/light  indeoendently  ore  from  another.  This  assumption  is 
ccrfirted,  if  we  disregard  multiple  scattering  of  world/light  during 
its  propagation  in  medium.  If  world/light  before  covering  a  distance 
from  source  to  receiver,  tested  two,  three  and  so  forth  of  the 
event/report  of  scattering  on  particles,  then  they  speak  about 
doable,  triple  and  so  forth  scattering. 

Multiple  scattering  will  he  exhibited  with  the  smaller  values  of 
optical  thicknesses,  but  at  the  assigned  value  of  the  coefficient  of 
scattering  with  respect  to  those  smaller  values  of  the  way  of 
em issicn/radiation ,  than  wider  radiation  source  we  will  examine.  So, 
with  the  overcast  we  deal  mainly  with  the  repeatedly  scattered 
sunlight.  If  this  was  not,  then  on  the  Earth  there  would  be  the 
desperate  dark.  In  fact,  the  coefficient  of  scattering  the  most 
frequently  encountered  clouds  is  equal  to  apprcximatel  y  20  km**.  This 
weans  that  with  the  vertical  extent  of  cloud  1  km  the  passed  through 
it  direct/straight  solar  radiation  is  attenoate/weakened  2.7*°  tines 

t 
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For  narrow  laser  sources  one  should  expect  the  perceptible 
effect  of  multiple  scatterirg  crly  with  the  very  large  depths  of 
penetration  cf  emissicn/radiation  into  dispersive  medium,  let  us  say, 
into  the  same  cloud. 

Page  105. 


Together  with  true  divergence  from  the  exponential  law  of 
fading,  caused  effect  cf  multiple  scattering,  in  practice  for  us  it 
is  necessary  to  observe  the  apparent  divergence  from  this  law, 
connected  with  the  limited  possibilities  of  metering  equipment. 
Discussion  deals  with  the  effect  of  this  eqcipoent  on  the  results  of 
the  measurements  of  coefficients  of  scattering.  Their  measured  values 
can  differ  from  true  ones,  predicted  by  correct  theory. 

Coefficient  of  scattering  considers  energy  losses,  by  the 
scattered  each  particle  in  different  directions.  For  determining  the 
coefficients  cf  scattering  during  experimental  investigations,  *?e 
cannot  create  the  installation  which  did  not  record  part  scattered  by 
the  particles  of  energy.  Any  receiving  system  has  the  different  from 
0  f ield-of-view  angle  within  limits  of  which  it  simultaneously 
records  the  weakened,  exponentially,  emission/radiat  ion,  and 
counterpart  of  scattered  radiation.  The  lesser  the  f ield-of-view 
angle  of  receiving  system,  the  lesser  it  records  scattered  radiation. 
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In  such  a  tanner,  however  we  tried,  experiment  ally  it  is  not  possible 
to  determine  true  coefficient  cf  scattering,  since  measurements  are 
always  to  a  certain  degree  hurdend  by  the  effect  of  recorded  by 
receiver  scattered  radiatior. 

The  effect  of  metering  equipment  cn  the  results  of  the 
■easurements  cf  coefficient  of  scattering  depends  on  the  geometric 
parameters  of  source  and  radiation  detector  and  indicatrix  of 
scattering  of  medium.  It  is  clear  that  the  measured  coefficient  of 
scattering  the  greater  will  differ  fret  true,  the  greater  the  visual 
angle  cf  receiver,  the  angle  of  the  divergence  of  source  and  the 
elongation  of  indicatrix  of  scattering. 

In  practice  during  the  study  of  the  laws  governing  scattering 
directional  radiation  in  dispersive  medium,  it  is  necessary  to  deal 
with  the  simultaneous  recording  of  the  direct  radiation,  weakened 
exponentially  of  fading,  and  also  -  repeatedly  and  once  scattered 
forward  radiation. 

Page  1C6. 

Usually  direct  radiation  bears  on  itself  some  useful  information, 
and,  thus  far  its  brightness  exceeds  the  brightness  of  the 
tackgrcund,  created  by  forward  scattering,  information  can  be 


DOC  =  78172305  E  AGE  J^r 

ll6 

accepted  and  deciphered.  Put  if  the  brightness  of  background  becoaes 
equal  to  the  brightness  of  direct  radiation  or  exceeds  it,  then  to 
isolate  useful  infernatien  frea  the  eaissic r/radiation  accepted  is 
already  iapcssible,  since  scattered  radiation  is  created  by  spread 
light  team  itself.  On  the  other  hand,  if  the  recorded  by  receiver 
brightness  of  the  background  of  scattered  radiation  is  auch  less  than 
the  brightr ess  of  direct  radiation,  then  the  exponential  lav  of 
fading  can  be  considered  valid.  Thus,  the  krcvledge  of  the  liaits  of 
the  applicability  of  this  lav  acquires  iaportant  practical  value. 

The  conducted  by  us  investigations  of  the  liaits  of  the 
applicability  of  the  exponential  lav  of  fading  in  different 
dispersive  aedia  aade  it  possible  to  Bake  fcllcving  basic 
conclusions.  If  the  anqle  of  the  divergence  of  radiation  source  does 
not  exceed  6  angular  minutes  and  is  equal  tc  the  f  ie  li-of- viev  angle 
of  receiving  system,  then  for  all  types  of  ataospheric  aerosols  the 
exponential  lav  of  fading  reaains  valid  up  to  the  aaxiaua  optical 
thicknesses  vhich  vere  reached  in  experiments.  The  aaxiaua  optical 
thickness  vith  vhich  still  it  vas  possible  to  confidently  record  the 
veakened  signal  in  aist/fog,  vas  equal  to  25,  therefore,  vas  recorded 
the  signal,  veakened  2.7?*  tiaes  !  The  aajorities  of  laser  sources 
have  an  angle  of  divergence  vithin  the  liaits  of  6  angular  ainutes, 
and  if  ve  in  vork  vith  them  utilize  receiving  systeas  vith  the 
f  ield-cf-viev  angle,  equal  to  the  divergence  of  source,  then  it  is 
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possible  tc  be  assured  in  the  applicability  of  the  exponential  law  of 
fading  up  tc  the  largest  optical  thicknesses  which  still  can  be 
"X-rayed"  in  any  of  the  atmospheric  aezcsels. 

Page  107. 

During  the  study  of  the  propagation  of  laser  eaission/radiation 
in  the  aerosol  atmosphere,  is  of  interest  net  only  evaluation  of  the 
energy  losses  of  emission/radiation  because  of  scattering  on 
different  types  of  aerosols.  Until  now,  we  exatined  precisely  these 
questions.  Important  practical  value  have  tie  studies  of  the  laws 
governing  scattering  emissicn/radiation  at  different  angles  and  first 
of  all  scattering  at  snail  angles  (forward  scattering)  and  at  the 
angles,  clcse  to  180°  (backward  scattering),  since  most  essential 
effect  cn  the  werk  cf  lasers  in  the  communication  systems, 
transmission  of  the  information,  lecatien  ard  ethers  first  of  all 
have  f  erwa  rd  and  backward  scatterings.  Also  there  is  great  interest 
in  the  study  of  unsteady  scattering,  i.e.  ,  scattering  the  short  laser 
pulses,  which  are  used  in  location,  during  sounding  of  the 
atmosphere,  during  the  ultra-precise  determination  of  distance  of  the 
distant  objects.  Finally,  during  the  solution  of  a  series  of  applied 
problems  can  prove  to  be  highly  useful  infeznation  about  the  effect 
cf  the  atmesphere  on  the  polar izational  characteristics  of  the  spread 
in  it  emissiog/radiaticn. 
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SCATTERING  OF  LASER  R ADIATIOR  IK  P08ARD  L'lRECTIONS  AND  BACK. 

The  purpose  of  our  carried  out  in  collective  investigations  of 
scattered  at  small  anqles  in  foward  directions  and  back  laser 
radiation  consisted  in  obtaining  of  the  necessary  data  on  the 
brightness  cf  scattering.  The  results  of  the  experimental  studies  of 
the  brightness  of  scattered  forward  radiaticn  were  used  for  the 
determination  of  the  limits  of  the  applicability  of  the  exponential 
law  of  fading. 

Page  108. 

Per  the  illustration  of  some  from  the  obtained  results  of  the 
experivental  studies  of  the  brightness  of  scattered  forward  radiation 
in  mist/fogs  and  wood  fumes,  we  give  Pig.  23,  in  which  along  the 
hciizcntal  axis  are  plotted  the  optical  thicknesses,  passable  by  the 
emissicn/r  adiation  s  of  gas  laser  on  the  mixture  of  helium  with  neon 
(wavelength  0.63  m)  and  solid-body  laser  on  ruby,  which  worked  in  the 
ccrditicns/ncde  of  free  generation  (wavelength  0.69  p)  j  along 
vertical  axis  -  brightness  of  emission /radiat ion  in  logarithmic 
scale.  Continuous  straight  line  in  figure  depicts  a  reduction  in  the 
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trightress  cf  the  direct  radiation,  weakened  exponentially.  Points 
and  crosses  designated  the  results  of  brightness  neasurenents  of 
scattered  forward  radiation  respectively  it  wist/fogs  and  fanes.  Let 
is  ncte  that  the  sizes  of  the  particles  of  wood  snoke  appr oxiaately 
correspond  to  the  average  particle  sizes  cf  the  list. 

As  can  be  seen  fret  figure,  the  brightress  of  scattered  forward 
radiaticn  both  in  aist/fogs  and  in  fanes  has  a  naxiaun  in  area  of  the 
value  of  the  optical  thickness,  equal  to  1.  In  all  interval  of  the 
investigated  optical  thicknesses,  the  brightness  of  scattered  forward 
radiation  in  nist/fogs  to  1-1.5  orders  is  acre  than  in  fanes,  which 
is  not  difficult  to  explain  by  the  appropriate  difference  in 
indicatrices  of  scattering. 


DOC  =  78172305  PAGE  ¥*- 

m 


Fig.  23.  Dependence  of  the  brightness  cf  scattered  forward  radiation 
cn  optical  thickness  in  mist/fogs  (point)  and  lists  (crosses).  Dotted 
curves  are  ccnstructed  on  the  basis  of  calculations  according  to  the 
theory  of  single  scattering,  straight  line  describes  the  weakening  of 
direct  radiation  e iponentiall y. 

Pace  1C9. 

For  the  used  in  experiment  in  experiment  wavelengths  of  the 
emission/r adiation  of  the  indicatrix  of  scattering  of  mist/fogs,  it 
is  incomparably  more  elongated  forward,  than  for  fumes,  and  this 
leads  to  the  fact  that  one  and  the  sane  receiver  receiver  in  the  case 
cf  «ist/fogs  records  considerably  the  more  scattered  forward 
radiation,  than  in  the  case  of  fumes.  Op  to  the  limiting  values  of 
the  optical  thicknesses  which  in  the  described  experiment  were  equal 
to  14-16,  the  brightness  cf  scattered  forward  radiation  in  mist/fogs 
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and  fuses  was  less  than  the  brightness  cf  direct  radiation 
respectively  to  2- 3  and  9-5  orders. 

During  the  experimental  studies  of  the  brightness  bach- scattered 
e* issicn/radiation  by  nist/fogs  and  fuses  were  utilized  the  lasers  at 
wavelengths  0.63  and  0.69  p.  During  measurements  under  natural 
cciditicns  in  fuses  and  snowfalls,  was  utilized  the  solid-body  laser 
cn  glass  with  neodymium,  which  worked  in  the  conditions/node  of  free 
generation  (wavelength  of  et  ission/radiat  icr  1.06  p)  .  The  obtained 
results  are  reduced  to  following. 

The  brightness  back-scattered  esission/r adiat ion  in  sist/fogs 
during  an  increase  in  the  optical  thickness  from  0  to  1  grow /rises, 
remaining  to  8-9  orders  of  less  than  the  initial  brightness  of 
incident  radiation.  Then  it  relatively  slowly  it  decreases  in  the 
interval  of  values  optical  of  thickness  1-8  it  remains  in  effect 
constant  with  the  high  values  of  optical  thickness.  Since  the 
brightness  of  direct  radiation  decreases  exfcnentially,  with  an 
increase  of  optical  thickness  difference  in  the  values  of 
brightnesses  back- scattered  and  direct  radiaticn  is  gradually 
decreased  and  disappears  conpletely  upon  reaching  of  the  optical 
thickness,  approximately  equal  to  22  in  our  experiments.  The 
brightness  back-scattered  emission /radiat  ion  with  large  optical 
thicknesses  in  mist/fogs  and  fumes  coincides. 
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Onder  natural  conditiors  in  lists  with  the  range  of  visibility 
frcv  3  to  7  ki,  the  brightness  cf  backseat tering  cos  poses 
approximately  10'*°  brightnesses  of  initial  eiissi on/rad ia tion .  The 
appearance  cf  snowfalls  does  not  virtually  change  th*s  intensity  of 
the  echo  from  the  particles  of  the  list  sigral. 

Page  110. 

This  is  not  difficult  to  understand,  if  one  considers  that  the 
concentration  of  snowflakes  is  considerably  less  than  the 
ccrcentraticn  cf  particles  of  the  list,  and  the  indicatrix  of 
scattering  of  snowflakes  is  substantially  *cre  elongated  forward, 
than  in  the  particles  cf  the  list. 


1C  1 IRIZ  ATICN  AL  CHA  H  ACT  FBI  ST  ICS  OP  SCATTERED  LASER  RADIATION. 

The  state  of  the  polarization  of  scattered  at  different  angles 
of  radiaticn  has  the  important  value  during  the  solution  of  aany 
applied  problems,  connected  with  the  transaissicn  of  one  or  the  other 
infenation  through  the  atmosphere  with  the  aid  of  laser 
eiission/radiation .  In  fact,  if  dispersive  aediui  is  irradiated  by 
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the  plane-polarized  laser  emission,  its  particle,  generally  speaking, 
can  depolarize  eiission/r adiat ion  daring  scattering.  Polarizational 
equipaent/de vices,  if  they  are  are  utilized  with  the  nethod  of 
eaission/radiation ,  are  capable  of  ensuring  the  unimpeded  passage  of 
direct  radiation  and  of  delaying  the  considerable  portion  of 
scattered  radiation.  This  can  increase  the  range  of  the  corresponding 
equipaent/de vice.  So  calculations  they  show  that  the  use  of  polaroids 
in  receiving  systems  can  increase  visibilitj  under  water  at  laast 
double.  Analogous  effect  can  be  expected,  also,  in  the  ataosphere. 

There  is  greatest  practical  interest  in  the  study  of  the 
polarizational  characterist ics  of  the  laser  eiission/radia tion, 
scattered  in  toward  directions  and  tack/ago.  Scae  results  of  this 
type  of  investigations  are  obtained  in  the  collective  of  the  author. 
As  radiation  source,  was  utilized  gas  laser  in  wavelength  0.63  p. 
Investigaticns  ace  carried  cut  in  two  dispersive  media,  liquid-drop 
aist/fogs  and  wood  saoke.  For  both  of  media,  is  not  reveal/detected 
the  depolarization  of  the  esission/radiaticr,  scattered  in  the 
direction  forward. 

Page  111. 

On  the  contrary,  the  noticeable  depolarization  back- scattered 
eaission/radiation  is  observed  in  each  aedia  already  at  the  value  of 
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tie  optical  thickness  of  scattering  layer,  equal  to  0.5  (it  is  equal 
in  this  case  to  25  and  30o/c  respectively  ir  »ist/fogs  and  fuses). 
During  an  increase  in  the  optical  thickness,  the  polarization 
tack-scattered  emission/radiation  linearly  decreases,  besides  it  is 
more  rapidly  in  mi  st/fogs,  than  in  fuses.  -So,  at  the  value  of  the 
optical  thickness,  equal  to  6,  it  approximately  cosposes  in  sist/fogs 
35,  in  fuses  -  45o/c-  Experiments  shoved  that  the  degree  of 
polarization  back- scattered  en ission/radiat ion  does  not  virtually 
depend  on  the  angle  of  the  divergence  of  the  source  when  it  is 
changed  within  Units  frcn  40  seconds  cf  arc  to  6  angular  minutes. 


PROPAGATION  OP  SHOFT  LASEF  FTJLSES  IN  DISPERSIVE  MEDIA. 

The  use  of  lasers  in  systems  of  location,  equ  ip  sent /dev  ices  for 
the  ultra-precise  determination  of  distance  of  the  distant 
cb ject/sub jects,  during  sounding  of  the  ataosphere  requires  the 
knowledge  of  the  laws  governing  the  prcpagaticn  of  short  laser  pulses 
in  the  atmosphere.  Feal/actual ly,  if  for  exaaple,  short  laser  pulse 
with  duration  in  nanosecond  is  sent  in  the  direction  of  the  object, 
then  this  mosentus/ispulse/pulse  twice  passes  path  in  the  ataosphere 
frcs  source  to  object  and  vice  versa.  In  the  absence  of  ataosphere 
(for  example,  when  measurement  they  are  carried  out  in  kossos)  ,  the 
accuracy  of  the  de termination  of  object  distance  is  determined  by  the 
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slcpe/transccnductance  of  leading  iapulse  front  and  its  duration.  In 
the  atwosphere  the  nonentun/in pulse/pulse  can  undergo  the 
considerable  changes  without  taking  into  account  of  which  it  is 
difficult  tc  be  that  assured  in  the  accuracy  of  neasur enents.  During 
propagation  in  the  ataosphere,  shcrt  laser  pulse  diffuses,  it  is 
deforaed,  and  the  degree  of  this  strain  nust  depend  on  the  character 
of  nediua. 

Fage  112. 


Let  us  give  scae  results  of  our  experiaental  and  theoretical 
studies,  dedicated  to  this  question,  having  been  preliainarily 
specified,  that  the  prcblea  of  unsteady  scattering  is  located  thus 
far  even  in  the  initial  stage  of  its  solution. 

By  us  were  studied  the  oscillograas  of  the  echo  froa  water 
artificial  aist/fogs  laser  pulse  of  seaicacductcr  generator  on 
galliuu  arsenide  in  wavelength  of  eaission /radiation  0.84  \i  at  the 
values  of  coefficients  of  scattering  the  respectively  equal  to  1.5; 
0.84;  0.43;  0.25;  0.13  and  0.08  a-*.  The  duration  of  launched  pulse 
was  equal  to  8  ns  with  the  aaplitude,  equal  to  the  half  of  aaxiaua, 
the  scale  value  of  the  vertical  lines  cf  screen  was  equal  to  10  ns. 
Receiver  and  source  were  arrange/located  so  that  their  optical  axes 
intersected  within  the  aediun  being  investigated  at  angle  of  1°  at  a 
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distance  of  7  a  of  front/leading  boundary. 

Oscilloqrams  distinctly  shewed  a  regular  change  in  the  width, 
delay  time  and  in  aaxinum  amplitude  of  the  echo  pulse  in  proportion 
to  a  change  in  the  coefficient  of  scattering,  or  that  nevertheless, 
the  density  of  aist/fog.  The  denser  the  aist/fcg,  the  lesser  diffuses 
in  it  the  echo  pulse,  since  it  is  fora/shap«d  in  with  respect  saaller 
t  h icker . 

Figure  24  depicts  the  results  of  the  calculations  of  the  strain 
of  the  instantaneous  aomentum/inpulse/pulse,  which  passed  through  the 
liquid-drop  cloud  with  the  optical  thickness,  equal  to  5.  Calculation 
is  carried  out  with  the  use  of  a  method  of  statistical  tests  for  a 
source  with  the  initial  diameter  of  8  n,  the  angle  of  the  divergence 
cf  30  angular  minutes,  the  wavelength  of  ea ission/radiat ion  0.7  p.  In 
figure  represented  angular  flow  distribution  of  photons  in  the  plane 
cf  the  receiver  with  a  diameter  of  150  ta  whose  axis  coincides  with 
the  axis  cf  source.  Curve  1  describes  a  quantity  of  photons  which  fly 
for  first  10  ns  at  the  different  angles  through  the  plane  of 
receiver:  curves  2,  3,  4  -  reflect  the  same  picture,  but  into  the 
fcllowing  tine  intervals,  on  10  ns  each. 


Page  113 
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let  us  recall  that  the  discussion  deals  with  the  propagation  of  the 
i r stantaneous  mome ntum/impulse/pulse  which,  do  not  be  on  its  path  of 
dispersive  medium,  it  must  without  deliquescence  pass  path  from 
scerce  to  receiver. 

As  can  be  seen  from  figure,  the  overwhelming  majority  of  the 
photons  of  instantaneous  momentum/impulse/pclse  reaches  the  receiver 
in  the  time  interval  of  10  nanoseconds,  besides,  as  one  would  expect, 
their  bulk  flies  into  receiver  at  the  atgles,  close  t*>  normal. 

The  used  during  calculations  method  of  statistical  tests,  or  as 
it  still  call,  the  Honte-Carlc  method,  it  makes  it  possible  to  obtain 
the  complete  picture  of  the  scattered  light  field  during  the 
propagation  of  both  instantaneous  momentum/ imp ulse/pul ses  and 
me  me ntu m/impulse/p ulses  with  the  assigned  duration  in  any  dispersive 
media,  if  are  known  their  coefficients  of  scattering  and  indicatrix 
of  scattering  for  the  appropriate  wavelengths. 
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Fig.  24.  Calculation  of  the  strain  of  the  instantaneous 
■c  ientum/i»pulse/p ulse ,  which  passed  through  the  liquid-drop  cloud 

Key:  (1)  deS* 
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USEE  E E AH  IN  A  TUREUIFNT  A1HOSPBERE. 

heterogeneities  of  the  refractive  index  of  >eir. 

The  earth's  ataosphere  is  siaultaneously  the  absorbing, 
scattering  and  turbulent  aediua.  The  spread  in  it  optical  radiation, 
besides  energy  losses  because  cf  absorption  and  scattering, 
experience/tests  the  f luctuat iens,  caused  bj  randoa  changes  in  the 
refractive  index  of  aediax.  Ataosphere  aixing  as  a  result  of 
turbulent  air  notion  leads  to  tte  fluctuatiens  cf  the  values  of  the 
tenperatures  vhich  in  turn,  cause  the  fluctaaticns  of  the  refractive 
index  of  air. 

Calculations  shoe  that  a  ctanoe  in  the  teiperature  of  air  on  1°C 
charges  the  index  of  its  refraction  to  the  value  of  the  order  of  the 
Billionth  portion.  The  amplitude  of  the  observed  fluctuations  of  the 
texpexature  at  the  particular  point  reaches  the  tenths  of  degree,  and 
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the  period  of  pulsaticgs  is  included  within  1 in  its  fron  Billiseconds 
to  whole  seconds.  Ike  amplitude  of  the  fluctuations  of  the 
teeperature  in  the  horizontal  plane  of  the  staesphere  for  the  points, 
arrange/located  at  a  distance  ficn  hundred  to  thousands  of  aeters, 
can  reach  several  degrees. 

Eage  115. 

is  a  result  of  turtulent  icticns  in  the  ataosphere,  are  created 
the  randoa  heterogeneities  those  size/diaersicts  vary  fron  hundred 
and  note  than  neters  (wacrohetecogeneity)  to  centiaeters  and 
nilliaeters  (aieroheterogeneity) .  Hicrchetexcgeneities  near 
terrestrial  surface  have  siie/diaensiops  of  approxiaat ely  1  aa. 

During  the  propagation  of  laser  eaission/r adiat ion  through  such 
iaedoa  heterogeneities  the  energy  in  bean  section,  it  will 
expecience/test  randoa  re distritutiens.  Let  us  present  laser  beaa  in 
that  ccnsisting  of  the  separate  ray/beaas,  ghich  evenly  fill  entire 
cone  of  the  eaission/raf iat  ion  at  the  cut  pot  cf  source.  Each  of  the 
ray/beaas  during  propagation  through  the  turbulent  atnosphere  will 
randcaly  charge  their  trajectory.  As  a  result,  if  we  exaaine  the  beaa 
section  at  soae  distance  frea  source,  we  is  reveal/detected  spotty, 
often  dynaaic  structure  in  intensity  distriluticn  of 
ee  ission/r  adiat  ion  .  The  pcsiticn  cf  bright  and  dark  places  into  beaa 
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section  foe  each  torque/acaent  cf  tiae  -  its  inherent,  unrepeatable. 

If  the  area  of  receiving  airror  utilized  during  recording  of 
past  through  the  ataosphere  of  eaissicn/radiaticn,  ccaposes  soae  part 
cf  the  beaa  sectiop,  then  the  recorded  sigeal  will  experience/ test 
continuous  fluctuations,  sirce  to  airret  at  each  aoaent  of  tiae  will 
fall  the  different  energy  conte rt. 
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signal,  which  is  spread  through  the  turbulent  atnospbere  for  the 
case,  when  receiving  sirrcr  does  net  intercept  bean. 

Key:  K  1) .  s. 

Eage  116. 

let  us  givey the  exaaple  of  the  recording  of  the  fluctuation  of  the 
signal,  which  is  spread  through  the  turbulent  atnospbere,  for  the 
case  ahen  receiving  nirroc  coes  net  intercept  bean  (Fig.  25).  As  can 
te  seer  fren  figure,  for  second  the  signad  tested  about  hundred  of 
f lucteaticns  with  very  inposing  anplitude. 

During  propagation  in  the  turbulent  atnosphere,  laser 
enission/radiation  can  experierce/test  different  changes:  the 
redistributicn  cf  intensity  in  lean  scctioD  (space-tine  fluctuation 
of  intensity);  a  change  of  the  cross  sectioj,  or  the  dianeter  of 
lean,  divergence  of  lean  as  whcle  fres  direction  rectilinear 
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propagation;  the  fluctuation  of  the  angle  cf  arrival  of 
eiissicn/radiatioa  in  the  fecal  plane  cf  receiving  optical  systes;  a 
charge  ir  the  coherence  of  esission/radiat icn.  Let  us  ezanine  each  of 
these  phencaena. 

Fluctuations  of  intensity. 

The  value,  which  characterizes  the  fluctuations  of  intensity,  is 
called  the  dispersion  of  fluctuations.  It  indicates  the  divergence  of 
the  neasured  values  of  intersit;  fro  average.  If,  fer  exaiple,  the 
dispersicn  of  fluctuations  is  equal  to  1,  this  leans  that  the  scatter 
of  the  separate  values  of  the  ceasured  signals  with  respect  to 
average  signal  is  within  the  liiits  by  «1-QQo/o. 

The  value  of  the  dispersion  of  the  fluctuation  of  intensity 
depends  on  aeteorolcgical  ccnditices,  optical  path  length  of 
rey/beai,  gecietric  parameters  of  light  beai,  diaieter  of  receiving 
■irror,  the  tiae  constant  of  receiver,  wavelength  of  the 
ea  issicn/radiation  cf  beai. 

Che  fluctuations  of  the  intensity  of  the  eiission/radiation, 
which  is  spread  in  the  turbulent  atsospbere,  it  is  accepted  to  divide 
into  seak  and  powerful  ones  in  corforiity  with  the  values  of  the 
dispersion  of  f luctuat iens. 
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Pace  1 17. 

Per  weak  fluctuations  is  developed  theory,'  which  allows  with  greater 
or  ty  saaller  authenticity  to  describe  the  ebserving  in  experiaents 
facts,  the  thecry  cf  peterful  fluctuations  is  located  even  in  the 
stage  of  development,  the  study  cf  powerful  fluctuations  is  of 
greatest  practical  interest,  since  they  appear  during  the  propagation 
of  eaission/radiaticn  up  tc  laxce  distances.  Fcrtheraore,  precisely, 
powerful  fluctuations  aost  limit  the  use  of  lasers  in  different 
equipuent/devices,  intended  for  the  werk  through  the  atmosphere. 

Eet  us  examine  the  acst  important  deperderces  of  the  dispersion 
cf  the  fluctuations  of  intensity  on  different  parameters.  As  the 
first  parameter  let  us  take  the  distance,  passalle  by  light  bean  in 
the  atmosphere,  which  was  repeatedly  investigated  experimentally, 
including  in  the  collective  of  the  author.  Ihese  investigations 
neveai/detect/exposed  the  following  general  law:  with  an  increase  in 
the  distance,  the  dispersier  of  the  f lwctuaticus  of  intensity 
succthly  increases,  and  then  remains  constant  or  slowly  decreases. 

The  distances,;  at  which  is  reached  maximum  value  and  its  value  in 
different  researchers,  are  not  identical,  since  measurements  were 
conducted  under  different  nctecrolcgical  ccpditions  and  with 
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different  equipment. 

the  studies  of  the  dependence  cf  the  fluctuations  of  the 
intensity  of  laser  esission/radiation  from  the  diaeeter  of  receiving 
titter  establish/installed  the  steady  decrease  of  the  dispersion  of 
the  fluctuations  of  intensity  with  an  increase  in  the  diaseter  of 
receiving  fitter  to  the  specific  value.  Further  increase  in  the 
diaseter  did  not  virtually  lead  to  a  change  in  the  dispersion  of  the 
f  Icctoaticnc  cf  intensity. 

this  fact  can  be  explained  as  follows,  tfhen  the  diaseter  of 
receiving  sirror  has  value  cf  the  sane  erdet  as  as  average  sizes  of 
spets  with  the  sazisus  and  sinisus  intensity  of  enission/radiat ion  in 
teas  section*  then*  obviously*  and  the  dispersions  of  the 
f  ^actuations  of  intensity  have  laxiaun  value. 

lace  1 18. 

Rith  Ian  increase  in  the  diasetet  of  receiving  sirror  by  its  area  at 
each  scsent  cf  tise*  falls  a  increasing  qaiaytity  of  light  and  dark 
spots'.  This*  in  the  fiqal  analysis*  and  It  leads  to  the  fact  that* 
beginning  with  certain  sixe/disension  of  mirror*  further  increase 
does  not  lead  to  an  increase  in  the  dispersion  of  the  fluctuation  of 
intensity  until  the  sife/disersicn  cf  airxer  achieves  the  value*  with 
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which  the  teas  will  be  completely  intercepted.  In  this  case^the 
dispersion  of  fluctcations  decreases  by  juap,  but  not  to  0,  as  it  was 
possible  tc  expect.  This,  if  ere  aay  put  ,it  that  way, 
reaanent/residual  fluctuation  is  due  by  its  existence  to  the 
fluctuations  of  the  brightness  of  the  background,  which  appears 
during  forward  scattering  or  tie  particles  cf  aerosol. 

The  study  of  tie  dependence  of  tie  dispersion  of  the 
fluctuations  of  intensity  on  the  angle  cf  tie  divergence  of  radiation 
source  showed  that  it  is  a  curve  with  the  wide  and  shallow  aininun, 
which  attests  to  the  fact  that  the  dispersion  of  the  fluctuations  of 
intensity  has  the  siniaun  value  at  tie  specific  angle  of  the 
di merge  tee  cf  source. 

Several  words  about  the  freguency  spectrua  of  the  fluctuations 
of  intensity.  Entire  spectroa,  as  shew  the  data  of  experiaental 
studies,  stretches  frea  the  portions  of  hertz  to  1*2  kHz;  however, 
tie  bard  of  the  aost  frequently  encountered  frequencies  of  the 
fluctuations  is  included  withir  liiits  f re ■  several  ones  of  ten  to 
several  hurdied  hertz.  Specifically,  in  tlris  area  is  placed  the 
aaziaua  of  the  frequency  spectrua  of  the  fluctuations  of  intensity. 

Fluctuation  cf  the  diaaeter  of  bean. 
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Seeing  propagation  in  the  turbulent  atmosphere  of  laser 
enissicn/radiation ,  the  diaieter  the  ycke  of  bean  experience/tests 
certain  expansion,  suppleiectary  in  ccipariacn  with  the  expansion, 
caused  by  gecietric  and  diffraction  divergetce  of  bean.  This 
expansion  somewhat  grow/rises  with  distance. 

Page  118. 

So,  with  one  of  measurements  at  distances  of  15  and  145  ka  was 
observed  an  increase  is  tie  divergence  cf  beam  by  8  and  13  seconds  of 
arc  respectively. 

In  the  conducted  under  author's  guidance  investigations  were 
reveal/detected  the  considerably  larger  flmctuaticns  of  the  diameter 
cf  the  beam  cf  laser  on  rmby  during  recording  of  e  miss  ion/radiation 
at  one  and  the  sane  distance.  Tamely  -  10  ka. 

The  effect  of  the  turbulent  state  of  the  atmosphere  on  expansion 
cf  the  diaieter  of  the  bean  of  laser  enissicn/radiation  has  very 
inportant  practical  value  with  the  bean  fcccsirg  of 
e riss icn/radiat ion  in  the  atnosphere.  It  is  known  that  during 
propagation  in  vacuun  between  tbe  dianeters  cf  the  focused  and 
initial  beans  there  is  an  inverse  proportional  dependence.  The  lesser 
dimeter  of  the  focused  beam  we  want  tc  obtain,  the  greater  the 
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dianeter  of  initial  bean  we  n ust  utilize.  The  ueasur eaents,  carried 
out  ia  the  turbulent  atuospterc,  they  showed,  that  the  decrease  of 
the  diaietex  of  the  focused  beaa  during  an  increase  in  the  diaaeter 
of  the  initial  aperture  of  source  occurs  cjly  tc  a  definite  liait. 
After  the  achievevent  of  this  liait,  further  increase  in  t  he  diaaeter 
of  the  focused  source  does  cot  iiprcue  its  fcccsing. 

Fluctuations  of  angle  cf  arrival. 

The  fluctuations  of  the  arcle  of  arrival  cf  the 
euissicn/radiation ,  which  passed  through  turbulent  ataosphere, 
substantially  affect  tie  quality  cf  the  iiace,  which  is  foraed  in  the 
focal  plane  cf  optical  receiver.  Hhen  the  size/diaensions  of  randon 
heterogeneities  on  the  way  cf  enission/radiaticn  are  be  greater  the 
sifte/diaensicns  of  receiving  ctjcctive,  occtrs  the  displaceaent  of 
iaage  as  uhcle.  Snail-scale  heterogeneities  will  aix  the  separate 
ce  11/eleaests  of  bean,  which  leads  to  "blurring"  of  iaage. 

Page  12C. 

Carried  out  in  the  collective  of  the  author  experiaental  study 
cf  the  fluctuations  of  the  angles  cf  arrival  cf  the 

euissicn/radiation  cf  gas  laser  in  wavelength  0.63  p  on  the  distance 
cf  1.2  p  it  ataosphoric  boundary  layer  revecl/detect/exposed  the 
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dependence  of  the  dispersion  of  the  fluctuations  of  angle  of  arrival 
cn  meteorological  conditions,  diameter  of  receiving  objective  and 
diameter  of  initial  bean.  Furthermore,  it  is  re  veal/ detected  that  the 
laser  teas  can  be  displaced  as  whole  or  several  meters  with  the 
distance  of  the  propagation  cf  enissiop/rad iaticn  on  the  order  of  10 
>a  for  tine  into  tens  cf  sinutes  and  more. 

the  study  of  different  aspects  of  the  problem  of  the  propagation 
cf  laser  emission/radiaticn  in  the  turbulent  atsesphere  by  no  means 
felly  it  is  completed.  It  is  faster,  vice  versa:  are  made  thus  far 
only  first  spaces.  In  particular,  are  net  virtually  entirely  yet 
clear  the  special  feature/peculiarities  of  the  fluctuaticns  of  the 
parameters  cf  laser  emission/radiation  at  propagation  through  the 
large  thicknesses  of  atiospteric  boundary  layer,  in  horizontal 
directions  at  different  height/altitudes,  in  inclined  directions  both 
from  the  Earth  and  from  different  height/altitndes.  Is  is  weakly 
studied  the  effect  cf  the  turbvlent  atsesphere  cn  coherence  and 
pelarizaticn  of  laser  emission  and  series  of  another  questions. 
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fa  ge  121. 

Chapter  Five. 

LASER  EE  AM  EISCLOS ES  N  El  PHENOMENA  IN  1HE  A1MC  SPHERE . 

Effect  cf  ray/fceam  on  the  atmosphere. 

Euring  propagation  in  the  atmosphere  giant  radiated  power, 
attained  it  q-spoiled  lasers  or  working  in  the  conditions/ node  of  the 
syrchrcnizaticn  of  nodes,  are  detected  completely  the  new  phenomena, 
connected  with  the  emergence  of  the  so-called  ncnlinear  effects.  So, 
if  usual  pcwer  the  given  wavelength  of  emission/radiation  is  not 
absorbed  by  any  of  atmospheric  gases,  then  at  giant  power  it  can  be 
absorbed  by  any  of  the*.  In  ether  cases  giapt  radiated  power,  on  the 
ccftraiy,  leads  to  the  "illumination"  of  the  atsoroing  atmosphere. 


High  energy  concentration  of  laser  emission  causes  the  emergence 
cf  a  series  of  the  phenevena,  net  observed  during  the  propagation  of 
energy  cf  ordinary  density.  Finally,  the  new  coupling  effects  of  the 
spread  in  the  atmosphere  cf  laser  en Is cion/ radiation  appear  ftffc:  the 


iseion/xadiation  appear  fjfr  the 


sheet  pulse  durations,  when  they  become  equal  or  even  less  than  the 
duration  of  the  event/reperts  of  absorption  and  scattering  of  light 
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by  the  molecules  of  atmospheric  gases  and  tfce  particles  of  aerosols. 

Face  122. 

Ccaaoc/general/total  for  these  phenomena  is  that  that  during 
their  appearance  immediately  arc  disrupted  the  csual  laws  governing 
the  propagation  of  optical  radiation  in  the  atmosphere,  and,  first  of 
all,  the  exponential  law  of  fading  wcncchr  c  latic  radiation  during  its 
abactfticn  by  atmospheric  gases  and  scattering  by  aerosols. 
Coefficients  of  absorption  and  scattering  cease  to  be  the  constants 
cf  substance,  which  characterize  its  absorbing  or  scattering  power. 
They  begin  to  depend  on  incident- radiation  intensity. 

Effect  of  saturation. 

Its  essence  expresses  the  dependence  cf  the  coefficient  of 
radiaticn  absorption  b)  the  molecules  of  gas  on  the  intensity  (power) 
of  the  spread  emission/radiaticr.  The  ccndwcted  in  the  collective  of 
the  awthcr  tcugh  calculation  of  power  cf  emissicn/radiation,  which 
corresponds  to  the  beginning  cf  the  manifestation  of  the  effect  of 
saturation  in  atmospheric  gases,  gave  fer  t|e  unknown  value  value  on 
tie  order  cf  107  l/cm2.  This  power  is  completely  attainable  in 
ccnteupcrary  lasers;  however,  thus  far  are  not  yet  carried  out  the 
experimental  investigations,  which  would  make  it  possible  to  obtain 
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■  cxe  precise  data.  There  is  no  doubt  that  the  threshold  values  of 
radiated  power  for  the  effect  of  saturation  Bust  depend  on  the  type 
of  gas  and  on  the  value  of  the  absorption  coefficient  of  noraal 
cciditicrs. 

The  dependence  of  the  absorption  coefficient  on 
incidfent-radiation  intensity  is  such,  that  the  greater  the  radiated 
power,  the  lesser  the  absorption  coefficient.  Thus,  in  the 
co<nditions/node  of  the  effect  of  saturation  atnospheric  gases  absorb 
radiant  energy  less  then  under  nerval  conditions,  and  begins  a 
peculiar  illumination  of  the  ataosphere,  an  increase  in  its 
transparency.  Roughly  the  vecharisv  of  this  effect  can  be  explained 
as  fellows. 

Face  723. 

In  prppcrticn  to  an  increase  in  the  radiated  power,  ever  increasing 
guantity  of  light  quanta  frea  this  by  wavelength  sia ul  ta neousl  y  falls 
on  an  absorbing  layer  of  the  aolecules  of  gas,  a  increasing  quantity 
of  aolecules  of  gas,  capable  of  absorbing  this  eaission/radiation,  it 
participates  in  the  process  of  absorption.  Finally  can  begin  such 
torque/acaent,  when  eapty  (eapty  by  absorption)  aolecules  will  no 
longer  be  sufficient. 
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hultiphctcn  processes. 

It  would  seem  that  during  a  continuous  increase  in  the  radiated 
power,  the  atmosphere,  "after  being  saturated"  by  absorption,  will 
freely  pass  any  addition  cf  pewer  ever  that,  which  goes  for  the 
■  aicterance  of  saturation  state.  However,  upon  reaching  of  the 
specific  power  coefficient  cf  cwissicn/radiatic n,  the  atmosphere 
suddeoly  sharply  increases  its  absorptivity.  Fort  her  increase  in  the 
power  leads  to  the  fact  that  radiant  energy  by  giant  portions  jams  in 
the  atmosphere,  it  is  were  precise,  it  goes  fez  the  excitation  of  the 
electxcric  or  vibratioqal  spectra,  for  dissociation  of  molecule  and 
ionization  of  the  ferned  atems,  i.  e.,  energy  is  expend /consumed  on 
tte  educaticc/f creation  of  plasma,  on  the  gas  breakdown.  Host 
interesting  the  fact  that  to  absorb  begin  those  gases^  which  under 
normal  conditions  absorb  in  no  way  emission/radiation  from  this  by 
wavelength. 

The  process  of  the  intense  energy  absorption  of  laser 
enissicn/radiation  by  atmospheric  gases  up  c  p  reaching  of  the  specific 
power  is  caused  by  the  so-called  multiphoton  effects  of  excitation, 
dissociation  and  ionization  of  gases.  Curing  multiphoton  processes 
the  atoms  and  the  molecules  of  atmospheric  gases  simultaneously 
abserfc  net  one,  but  several  radiation  quanta  with  this  frequency 
(wavelength)  so  that  total  energy  of  these  quanta  proves  to  be 
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sufficiently  for  exciting  of  high-energy  trarsitions,  or  for 
dissociation  and  ionization. 

Page  324. 

table  7  given  data  on  the  dissociatiop  energy  of  aolecules  and 
ionization  of  the  atoas  of  atucspheric  gases  and  is  shown  a  quantity 
cf  quanta  of  energ),  eaitted  by  lasers  on  ruby  (wavelength  0.69  p) 
and  co  glass  with  neodyuiua  (wavelength  1.C6  ».)  ,  of  the  necessary  for 
dissociation  and  icni2ation  corresponding  atoos  and  oolecales. 

the  conducted  cnder  author's  guidance  rough  calculations  of  the 
threshold  power  of  laser  evissicn/tadiaticp,  at  which  begin 
•ultiphctcn  piccesses  in  ataospheric  gases,  gave  for  this  value  the 
value  cf  order  10* «  H/cn*:  Such  power  are  cccpletely  attainable  in 
contenporary  lasers.  Very  phenciencn  of  the  breakdown  of  air  by 
powerfu  1/thick  laser  ncnentui/iwpulse/pulse  repeatedly  was  observed; 
however,  the  sufficiently  precise  quantitative  investigations  of  this 
interesting  phenomenon  thus  far  were  net  carried  out. 
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"fable  7.  Dissociation  energy  of  aolecules  and  ionization  of  the  atoes 


of  atmospheric  gases. 
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Face  125. 

Propagation  cf  supershort  eeission  iapulse  in  the  ataosphere. 

Hhe  duration  of  the  pulse  of  generation  can  change  within 
extremely  wide  limits.  Meanwhile, tie  e*emt/ie(crts  of  absorption  and 
dissipation  cf  luminous  energy  in  the  atmosphere  continue  about 
naqosecond .  thus,  with  propagaticn  of  the  laser  pulses  of  nanosecond 
and  smaller  deration  ip  the  atmosphere  onie  should  expect  the  special 
feature/peculiarities  of  their  absorption  by  the  molecules  of  gases 
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and  the  particles  cf  aeroscis.  In  particular,  it  is  possible  to 
arrive  at  ccrclusian  about  the  snaller  weakening  of  supershort 
ucnentun/inpulse/pulses  tccausc  of  the  absorption  of  scattering  in 
the  atnesphere.  In  fact,  if  one  assunes  that  the  pulse  duration  is 
snaller  than  the  duration  of  the  event/reperts  of  interaction  of 
ucrld/light  kith  scbstance,  then  substance  siaply  will  not  have  tine 
to  react  to  the  rapidly  junped  enission  inpulse. 

Experimental  investigations  in  this  plan/layout  are  not  yet 
initiated.  This  is  connected  with  the  great  difficulties  of 
crgacizing  the  investigations.  There  is  no  doukt  that  when  they  will 
he  overcone,  scientists  will  obtain  the  possibility  to  penetrate  in 
the  nechanisn  of  interaction  of  wcrld/light  with  substance,  and  who 
knews  perhaps  by  this  sethed  their  await  i*c*  iaportant 
discovery/openings  . 

Forced  Banan  scattering  (7KB). 

The  nature  of  Banan  scattering  sharply  differs  fron  the  nature 
cf  noiecular,  aerosol  er  turbulent  dissipation.  The  nanifestation  of 
Banan  scattering  it  is  connected  with  the  presence  of  optical 
heterogeneities.  The  essence  of  this  phenctencr  in  interaction  of  the 
■clecnles  cf  atnospheric  gases  with  light  photons,  during  which  the 
nolecules,  together  with  scattering  cf  the  larger  part  of  the 
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t alling/incident  on  then  phctcrs  without  a  change  in  the  eaission 
frequency,  intc  smaller  part  introduce  their  irherent  frequency 
charges . 

Occurs  this  as  follows.  Pclecule  in  the  process  of  interaction 
with  the  photon  of  the  specific  frequency  can  scatter  it  without 
frequency  change,  but  we  can  anc  "add"  to  photen  energy  or,  on  the 
contrary,  "to  borrow"  fret  it  the  energy,  ccual  to  quantun  energy  of 
its  vifcraticcs. 

Page  126. 

It  is  net  difficult  to  see  that  in  this  case  energy  and,  therefore, 
frequency  scattered  quantun  will  be  than  acre  than  or  less  falling. 
It  is  knewn  that  each  atsospheric  gas  has  its  the  s elf-energies  of 
oscillatory  guanta  and,  therefore,  its  of  the  frequency  of  Baaan 
scattering. 

It  is  establish/installcd,  that  during  Banan  scattering  the 
energy  less  cn  several  orders  is  less  thaq  with  aolecular.  Therefore 
it  in  the  najority  cf  the  cases  can  be  disregarded. 

•he  spread  in  the  atnosphere  powerful/thick  laser 
c> issicn/radiation  can  cause  the  forced  Baaan  scattering  on  the 
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■  clecwles  cf  ataospheric  gases  at  such  frequencies,  such  as  at  usual 
tenet  ate  net  absorbed. 

the  effectiveness  of  this  process  depends  on  wavelength  or  type 
of  ataospheric  gas.  Detailed  data  thus  far  are  not  acquired.  It  is 
ktxwn  that  the  forced  Paaan  scattering  begins  to  be  exhibited  at 
to'werj  cn  several  orders  saaller  than  by  the  saaple/test  of  air 
because  of  aultiphoton  processes.  This  leans  that  VKB  -  barrier  on 
the  path  of  the  propagation  of  high-power  eaisa ion/radiation  in  the 
atmosphere,  which  gives  about  itself  to  kqow  considerably  aore 
earliiy  than  aultiphoton  processes. 

Self  focusing  laser  eaissior/rad  iaticn  in  tbe  ataosphere. 

During  the  propagation  of  Hgb-power  laser  eais  si  on/radiation  in 
the  ataosphere,  can  occur  changes  of  the  -refractive  index  of  air  in 
the  channel  cf  bundle.  In  this  case,  the  difference  in  the  values  of 
refractive  index  in  the  charnel  of  bundle  ard  cct  of  it  can  be  such, 
tith  which  is  reaoved  tbe  divergence  of  beaa.  Ibis  phenomenon  is 
called  self  focusing  laser  eaission/radiaticn. 

Page  127. 

As  testify  calculations,  for  the  eliaination  of  the  divergence  of 
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et issicn/radiation,  it  is  necessary  that  tlje  difference  in  refractive 
indices  in  channel  and  out  cf  it  is  approximately  equal  to  the  square 
of  thfe  angle  of  initial  divergence  cf  beaa. 

To  refractive  index  in  tic  channel  of  hurdle,  can  affect  heating 
charnel,  which  ccccrs  because  of  the  absorption  of  laser  energy,  the 
effects  of  Kerr  and  electrostr icticn.  Kerr's  effect  consists  of  the 
virtually  instantaneous  orientation  of  the  dipcle  aonents  of 
iclecales  in  the  direction  cf  the  high  electric  field  as  which 
pro ject/eaerges  the  field  of  guite  laser  ea issicn/radiation. 

Kclecules  with  the  oriented  dipole  aonents  can  he  considered  as  the 
cptical  heterogeneity  of  the  nediua  the  refractive  index  of  which 
depends  on  the  strength  cf  field  or  cn  the  pcver  of  laser 
enissicn/radiation .  Kith  the  effect  of  electrostrict ion  in  the  area 
of  action  of  powerful  radiation  field,  i.e.  in  the  channel  of  bundle, 
is  created  the  boost  pressure,  which  gives  rise  to  the  appropriate 
change  in  the  refractive  index. 

The  approxinatc  theory  of  the  phetcaepcn  cf  self  focusing  bundle 
shews  that  the  threshold  power  cf  self  focusing  is  proportional  to 
the  ability  of  aediua  to  change  its  refractive  index.  The  lowest 
tbreshclds  cf  self  focusing,  erder  several  ter  kilowatts,  possess 
scae  liquids.  Threshold  power  for  gases  coapose  ten  and  handreds  of 
megawatts,  i.e.  during  the  propagation  cf  the  eaission/radiation  of 
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comteaporary  lasers  in  the  atnosphere,  coapletely  it  is  possible  to 
expect  the  aanifestaticn  cf  the  effects  of  celf  focusing. 

Daring  invest  icat iens  in  tie  atnosphere,  is  reveal/detected  very 
fact  of  self  fccusitg  powerful/thick  laser  eaiss ion/radiation; 
however,  ary  in  detail  it  is  not  studied.  In  particular,  thus  far  is 
inconprehensible  t he  nature  cf  the  educatici/f  craaticn  of  the 
fiqe/thin  filaients  of  high  intensity,  which  are  constant/ invariably 
observed  during  the  propagation  of  laser  eaissicn/radiat  ion  within 
handle  under  natural  ccnditicrs. 

Cage  126. 

It  is  possible,  these  filaients  are  catsed  by  the  effect  of  the 
tuxbuient  atnosphere,  and  we  can  be,  energy  coxcent ration,  caused  by 
torbulent  heterogeneities,  contributes  to  the  nanif est at  ion  of  self 
fdcusing  the  individual  parts  cf  the  berdle. 

there  is  no  doubt  that  the  self  fccusitg  in  real  unhenogeneous 
aticsphere  cccur/f lcv/lasts  considerably  nore  ccnplex  than  under 
laboratory  conditions.  In  any  case  it  is  difficult  to  itself  to 
present  such  ideal  diagraa  when  the  difference  in  refractive  indices 
ir  bundle  and  out  cf  it  on  entire  course  of  ray  will  be  exactly  of 
such  that  to  cnly  renovc  the  divergence  of  cnission/radiation.  If 
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this  difference  in  soae  place  will  be  greater,  then  this  will  lead  to 
the  focusing  of  ea  issicn/raciat  icn  and  its  subseguent  divergence. 

It  is  necessary  tc  hepe  that  in  the  bear  future  we  will  know 
atocut  the  phenomenon  of  self  focusing  laser  eaission /r adiation  in  the 
ataosffhere  considerably  acre  than  we  knew  now.  Guarantee  to  that  - 
iaportant  practical  value  of  this  phencaenoj. 

Effect  cf  laser  beaa  on  clouds  and  aist/fogs. 

An  additional  one  coupling  effect  of  power ful/t hick  laser 
eaission/radiation  with  the  ataesphere  is  ccnneated  with  the 
illuxitaticn  ef  ataospheric  aerosols,  first  of  all  clouds  and 
aist/fogs,  and  aist/fogs,  under  the  influepce  or  thea  of  powerful 
pn>]se  cr  continuous  eaission/radiation.  It  can  be  caused  by  the 
complete  or  partial  evaporation  of  particles  during  their  heating 
because  of  absorbed  energy.  It  is  ccspletelj  clear,  the  illuaination 
cf  atacspheric  aerosols  strcngly  aust  he  exhibited  for  those 
wavelengths  of  the  eaission/radiation  tc  which  correspond  the  aaxiaun 
values  cf  the  absoxpticn  coefficient  of  water  (see  Pig.  14  on  page 
«*>. 


Along  the  data,  obtained  by  the  author  with  colleagues,  these 
wavelengths  are  arrange/ located  in  spectral  intervals  with  2.75-3.20; 
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5.90'S. 30  and  10.0-25.0  p.  In  the  intervals  indicated  the  absorption 
coefficient  is  nore  than  O.DS. 

Faige  129. 

Its  naxiaut  value  is  recorded  at  wavelengths  17.4;  6.09  and  2.91  p, 
where  it  is  equal  tc  with  respect  0.563;  0.143  and  0.283.  However, 
far  net  any  cf  the  wavelengths  indicated  can  be  effectively  used  for 
il-luninating  of  clouds  and  list/fogs,  if  we  bear  in  Bind,  that  the 
clearirg  e lissicn/ radiation  must  without  latce  losses  pass  through 
atmospheric  gases.  This  means  that  we  aust  select  such  intervals  of 
wavelengths j which  are  act  stperiipcsed  cn  absorption  bands,  and  then 
aneng  these  selected  to  find  the  narrow  atnospheric  windows,  free 
frea  the  lines  of  absorption. 

Is  sost  prosising  for  illuminating  of  clcuds  and  aist/fogs  the 
range  of  wavelengths  frea  1C  to  12.5  p.  It  coincides  with  the  center 
cf  the  leng-wave  atnospheric  window,  since  the  regions  of  the 
spectrua  2.75-3.20;  5.90-6.30  and  12.5-25  ^  arc  occupied  with  the 
absorption  bands  of  atnospheric  gases.  Specifically,  into  area  froa 
1C  to  12.5  p,  falls  the  enission/radiatiop  cf  aost  powerful  gas  laser 
cn  the  aixture  of  cartcn  dioxide  with  citrcgen  (wavelength  10.6  p)  . 
The  absorption  coefficient  cf  liquid  water  for  this  wavelength  is 
egwal  to  0.07;  True,  for  a  wavelength  12.5  fL  it  already  reaches 
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values  by  0.25;  however,  to  this  wavelength  thus  far  is  not  created 
sufficiently  powerf cl/thick  laser. 

Under  the  influence  of  po verf ul/thick  eaission/radiat  ion  on  the 
particles  cf  clcuds  and  aist/fogs  on  the  transparency  of  aediua,  they 
affect:  the  coaplete  or  partial  evaporation  cf  droplets,  directed  the 
particle  action,  cacsed,  on  one  hand,  by  light  pressure,  on  the  other 
hand  -  nonunifora  heating  during  pulsed  effect;  the  explosion  of 
particles,  if  absorbed  energy  it  is  sufficient  so  that  in  their 
center  the  teaperature  vculd  achieve  critical.  The  effects  indicated 
are  investigated  in  detail  both  theoretical  and  experiaental  in  the 
collective  of  the  author. 

The  dominant  role  amcnc  the  effects,  which  affect  the 
illuairaticn  cf  aediua,  plays  evaporation.  The  aechanisas  of 
evaporation  are  different  fcr  the  continuous  and  pulse 
eaission/r adiation  cf  different  duraticc. 

Eace  130. 

let  us  give  scae  examples  of  the  results  of  the  calculations, 
instituted  cn  the  use  of  the  developed  theory.  Figure  26  depicts  the 
dependence  of  a  radius  of  water  spherical  particle  on  tiae  under  the 
ccctinucus  influence  on  it  cf  eaission/radiaticn  in  wavelength  10.6  p 
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ty  power  10*,  10s  and  104  W/cm2.  Tie  initial  diameter  of  drop  in  all 
cases  is  equal  to  30  y.  As  tan  te  seen  frci  figure,  the  particle  with 
a  ladies  cf  3Q  y,  into  4-6  times  exceeding  the  test  probable  radius 
cf  the  particles  of  the  nost  frequently  encountered  clouds,  almost 
cctpletely  it  evaporates  during  several  hundredth  or  thousandths  of  a 
second. 

Figure  27  depicts  the  results  of  the  calculations  of  the 
terminal  radius  of  particle  cependirg  cr  iritial  under  the  single 
julse  radiation  effect  in  wavelength  10. 6  y.  Curves  correspond  to  the 
values  cf  the  pulse  energy,  eqcal  to  2. CO;  2.66  and  2.93  kJ/ca2. 
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fig.  J6.  Fie.  27. 

fig.  26.  Results  of  calculation  of  change  ia  radius  of  drop  in  the 
ccaxse  cf  tiae  of  its  continuous  irradiation  by  floe  in  wavelength 
10.6  m  and  Fever  «,=  10*  M/ca*,  e2=10>  l/c**,  *3=10*  1/ca*.  Initial 
di>cp  radius  to=30  p. 

Ke}:,(1).  radius,  pa.  (2).  lias,  as. 

fig.  27.  Results  of  calculation  of  terainal  radius  of  drop  depending 
cr  initial  radius  at  values  of  pulse  energy  Et=2.00«10»  J/ca*; 
^=2.6*v1C3  J/ca*;  Ea=2.93*1C3  J/ca*. 

fey:  K  1)  .  M*» 

fage  .131. 

As  shoe  investigations,  under  tie  influence  cf  the  separate 
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ire tentua/i spu lsa/p ulses  the  radius  of  particle  changes 
insignificantly,  if  absorbed  energy  heats  it  net  sore  than  on  130°C. 
Heatiec  to  teaperature  is  higher  than  375°C  (critical  temperature 
higher  thar  which  water  we  can  be  located  ccly  in  gaseous  state)  is 
not  sense  to  exaainc.  thus,  are  cf  interest  only  those  effects  of  the 
action  of  the  single  acxentua/ispulse/pulses  by  which  the  teaperature 
cf  drop  is  raised  to  the  value,  included  in  range  froa  130  to  375°C. 

Erca  theory  it  follows  that  under  the  pulse  influence  a  radius 
cf  drop  car  become  the  equal  tc  0  only  at  critical  temperature,  if 
the  pulse  duration  is  less  thar  10~*  s.  If  aksetbed  energy  it  is 
sufficient  sc  that  the  teaperature  of  particle  would  rise  to 
critical,  then  one  should  expect  the  explciicn  during  which  by  the 
water  vapor  at  a  large  pressure  it  is  hit  against  air  and  is  formed 
ccipressicn  wave.  Calculaticns  show  that  at  a  distance  froa  particle, 
the  approximately  equal  tc  10  tc  its  radii.,  the  products  of  explosion 
ccapletely  give  up  their  energy  to  air.  The  tine  of  the 
dispersion /divergence  cf  the  products  of  explosion  for  the  water 
drops  with  a  radius  of  10  p  is  equal  tc  millisecond. 

the  experimental  studies  cf  tie  effect  of  continuous  and  pulse 
esissicn/radiation  on  single  particles  and  on  water  artificial 
■  ist/fcg  confirmed  the  xechanisss  cf  the  evaporation  of  water 
particles,  forecasted  b)  theory.  Here  for  the  first  tine 
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re veal/detected  the  explosions  of  particles  under  the  pulse  influence 
and  the  established  fact  cf  the  partial  il Ionisation  of  water 
aist/fcg  under  pulsed  and  ccntiruous  influetce.  It  turned  out  that 
tic  decree  cf  illuiination  does  not  depend  cn  particle  concentration* 
tut  illunination  itself  under  tie  continuous  influence  is  spread  with 
the  definite  speed  which  depends  on  the  wavelength*  power  density  of 
ewissicn/r adiation  and  the  licrcstructoral  parameters  of  cloud  or 
aist/f eg. 

the  peeblea  of  the  formation  of  the  clear  channel  far  is  not 
sc lved. 

lage  332. 

Ivet  if  it  seeas  that  developed  of  particles  is  valid  for  any  power 
coefficients  of  the  affecting  eaission/radiaticn  (for  this  still  it 
will  be  necessary  tc  supply  very  ccaplex  experiments  with 
pewerf al/thick  radiaticn  sources)*  then  this  it  will  only  aean  that 
we  will  be  able  to  forecast  expenditures  cf  energy  on  channeling  in 
the  bypcthetical  case  of  the  clcuds  or  aist>fog  whose  particles  are 
aotionless.  In  the  real  cloud  cf  particle*,  they  are  found  in  intense 
tO'tice  caused  by  wind  and  gestiness.  Thus*  the  clear  channel  will 
ccrtioccusly  wash  off  itself,  fnrtheraore*  thus  far  not  it  is  clear* 
as  will  bring  tbeaselves  vaporization  products.  It  is  possible  also 
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tc  expect  that  optical  properties  of  channel  ttcy  Mill  be  unusual  as 
a  result  of  the  eneigent  temperature  heterogeneity. 

(he  feraation  of  the  clear  channel  iq  clouds  and  nist/fogs  has 
sc  enprnous  applied  a  value,  that  within  the  next  feu  years  we, 
cndcubtedly  «e  learn  about  the  channel  itself,  its  paraaeters  and 
diverse  properties  incct parabl j  acre  than  we  knew  now. 
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Eage  >33. 

chapter  six. 

IASEF  E I  AM  PEOEES  TIE  ATMOSPHERE. 

Pic*  the  point  o£  author's  view,  widest  application  the  lasers 
find  precisely  during  the  renote  sensing  .of  the  atnosphere. 

It  is  first  of  all  necessary  to  explait  value  and  potential 
advantages  of  the  aethod  of  the  renote  deternination  of  different 
ataospheric  paraneters.  The  kncvledge  cf  the  ataospheric  paraneters 
is  inpcrtant  for  nany  directions  of  science  and  technology.  To 
astrononers  and  geodesists  it  is  necessary  for  "cleaning  of"  the 
results  of  its  observations  free  the  undesirable  effect  of  the 
atiosphere.  Astrophysicists  the  knowledge  of  ataospheric  processes 
helps  to  check  hypotheses  ard  theories,  which  explain  physical 
pzccesses  in  the  atnosphere  other  celestial  bodies.  TO  the  creators 
cf  the  diverse  new  technology,  intended  fer  the  aastered  optical 
wavelength  range,  the  quantitative  data  on  the  atnospheric  paraneters 
are  necessary  in  order  to  previously  rate./estinate  the  effect  of  the 
atnosphere  on  the  effectiveness  of  the  developed/processed  neans,  on 
their  practical  use.  But  the  greatest  need  in  the  enornous  array  of 
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the  quantitative  data  op  the  ataospheric  parameters  constantly 
cxperience/test  ae teocclogists ,  occupied  with  sclution  of  one  of 
huaaoity's  aost  important  problems  -  with  weather  forecasting. 

Page  134. 

how  hardly  will  be  located  on  our  planet  although  one 
sober-minded  person,  which  did  rot  agitate  the  practical  side  of  this 
large  problem.  And  although  the  authenticity  of  weather  forecasts,  in 
particular  short  tern  ones,  with  each  year  is  raised,  nevertheless  no 
one  will  fail  for  itself  courage  to  say  that  it  will  be  finally 
solved  into  the  nearest  10-15  years. 

Thus,  on  agenda  will  ccst  the  urgent  task  cf  the  developnent  of 
the  completely  new  aethods  of  the  study  of  the  atmospheres  which 
weald  ensure  the  sclution  of  the  problem  of  the  operational 
collection  of  a  considerable  quantity  cf  precise  data  on  all 
iapertant  atmospheric  parameters.  Such  requirements  satisfy  the 
methods  of  the  remote  sensing  cf  the  atmosphere  with  the  use  of 
electromagnetic  or  acoustic  waves,  iapertant  place  among  then  belongs 
to  the  laser  sounding  of  the  atmosphere. 

the  remote  sensing  of  the  atmosphere  with  the  aid  of  lasers  has 
the  eacrmous  potential  possibilities  which  are  ccnnected  with  the 
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possibility  of  using  all  without  tie  except icn/elisination  of  the 
smprising  properties  of  the  ea Jss ion/radiatic *  of  laser  sources  for 
the  extracticn  cf  information  about  different  atsospheric  paraaeters. 
The  nethod  of  the  laser  scurditc  of  the  ataosphere  has  a  series  of 
indisputable  advantages,  which  open/disclose  the  tempting  prospects 
for  its  practical  use. 

The  urccaecnly  short  duration  of  the  scunding  eeission  ia pulse 
autonatically  provides  fantastically  high  spatial  resolution  of  the 
obtained  inf czaaticn.  Pelatively  siaply  is  reached  the  pulse  duration 
into  30  nanoseconds  at  power  iptc  hundred  eegayatt,  which  causes 
spatial  resolution,  measured  in  all  by  several  neters 
(aementua/iapwlse/pulse  of  this  duration  at  the  speed  of  propagation 
3CC/)0e  ka/s  occupies  the  path  ir  all  3  q  therefore^at  each  given 
tezque/nenent  the  ataosphere  sends  response  for  the  passing  through 
it  enission/radiat  icu  only  fret  section  1'.  5  ■)  . 

Page  335. 

The  large  power  of  laser  pulse  deteraifes  its  propagation  up  to 
eacraous  distances  in  the  ataosphere.  In  the  area  of  receiving  airror 
cf  apprcxiiately  1  a*,  the  aoaentua/iapulse/pulse  with  a  power  of 
ivtc  hundred  aegawatt  for  duration  into  1-0-30  nanoseconds  is  capable 
to  give  the  echo  frea  the  aeroscl  layers  of  the  cloudless  ataosphere 
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continuous  signal  in  vertical  direction  to  the  height/ altitudes  of 
30-50  ka.  Eroa  this  signal  in  principle,  it  is  possible  to  extract 
infcraatien  about  continuous  profile  of  the  corresponding 
aeteorological  eleaent. 

C«t;if  %e  utilize  not  one,  but  the  pulse  train  of 
sa issicn/radiat ion ,  then  the  ceiling  of  soanding  can  be  led  to  the 
height/altitude,  equal  to  100  kt  and  it  is  tore. 

Conteaporary  lasers  take  it  possible  tc  cfctain  tens  of 
pcverf o 1/thick  aoaentui/iapulse/pulses  per  second.  This  aeans  that 
with  their  aid  it  is  passible  to  investigate  the  dynaaics  of  the 
diverge  rapidly  elapsing  atvospteric  ptccesses. 

lafcraation  about  the  airfoil/profile*  cf  aeteorological 
eleseats  or  their  discrete  values  in  any,  preassigned  saall  localized 
voluae,  virtually  can  be  obtained  instantly,  if  the  receiver  of  laser 
lccatpt  is  connected  uith  high-speed  electronic  coapoter  and,  it  goes 
without  saying,  if  will  be  developed  the  aatheaatical  algorithas  of 
the  unique  solution  of  the  ccrr espendipg  task. 

especially  teapting  prospects  are  cpen/disclosed  during  the 
laser  sounding  of  the  ataosphere  froa  near  |(psaos.  Calculations  show 
that  if  the  sounding  is  carried  out  frea  tie  beight/altitu de  of  300 
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km,  then  with  the  aid  of  one  mouentum/impulse/pulse  it  is  possible  to 
obtain  information  about  continuous  the  airfoil/prof iles  of  the  echo 
signal,  beginning  with  the  height/altitudes  of  100-150  km,  up  to  the 
surface  of  the  Barth.  For  this,  it  is  sufficient  so  that  for  the 
pulse  duration  in  several  ten  nancseccnds  its  pewer  would  be  equal  by 
severhl  to  hundred  megawatt,  and  the  dianeter  of  receiving  airror 
»0.5  a. 


Eage  136. 

Essential  advantage  of  sounding  the  ataesphere  ftoa  |^>saos  - 
possibility  of  the  operational  collection  of  necessary  inforaation  on 
planetary  scale. 

finally ;sever,al  wards  about  the  cost /value  of  the  laser  sounding 
cf  the  ataesphere.  During  the  development  of  any  new  method,  this 
question  has  far  last/latter  value.  He  can  seen  that  the  echo  method 
cf  the  ataesphere  with  the  aid  of  lasers  fails  cconoaic  competition 
with  the  widespread  method  of  radiosonde  observation.  Beal/actually, 
while  unique  laser  locator  will  cost  several  tiues  more  expensive 
than  equipment,  intended  for  a  standard  radiosonde  observation.  But, 
in  the  first  place,  this  equipment  have  long  discharged  in  series, 
which  considerably  decreases  its  cost/val*ie,  ia  the  second  place, 
each  launching/starting  of  radiosonde  requires  expenditures,  many 
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tiies  exceeding  the  cost/value  not  of  one,  tut  the  whole  series  of 
laser  pulses.  It  is  possible  net  tc  doubt  that  the  nethod  of  the 
laser  scunding  of  the  ateosphere  will  prove  to  be  consider  ably  nore 
economical  than  the  radiosonde  observation  and,  all  the  nore, 
aircraft  a*d  rochet  sewnding. 

Basic  ideas  and  of  the  diagran  of  their  application/use. 

The  propagation  of  pulse  or  continuous  laser  ea issioa/r adiat ion 
in  the  atnosphere  is  always  accompanied  by  its  scattering  in 
different  directions  ia  accordance  with  the  indicatrices  of  aolecular 
and  aerosol  scattering.  In  prirciple  it  is  possible  to  accept  the 
eaissicn/radiation ,  scattered  at  any  angle.  However,  in  practice 
widest  use  found  the  systeas  of  the  ccabined  source  and  receiver 
(Fig,  28),  In  such  systeas  one  and  the  saae  airror  fora/shapes  the 
radiant  flux  of  laser,  and  is  accepted  tack-scattered  echo  signal.  As 
we  see,  in  this  ca se( necessar y  in  no  way  to  worry  about  coincidence 
or  intersection  of  the  optical  axes  of  source  acd  receiver,  this 
occurs  autcaatically.  Certain  aodificatiof  of  this  systea  are  laser 
locators,  whose  source  and  receiver  are  spread  up  to  saall  distance. 
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lhe  optical  axes  of  source  and  receiver  iq  this  case  can  intersect  at 
different  distance  free  lccatcr.  Beth  with  these  coabined  the  source 
and  the  receiver  and  vith  the  snail  distance  between  t hea  for 
sounding  the  ataospberc  can  be  used  ccly  pulse  eaission/radiation:  if 
scarce  sends  tc  the  ataosphere  continuous  eaission/radiation,  then 
into  receiver  it  will  siaultaneously  enter  the  reflected  froa 
different  layers  eaission/radiation,  acd  its  interpretation  -  too 
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Fig.  28.  Fig.  29. 


Fig.  26.  Diagraaaatic  representation  of  systea  of  coabined  source  and 
receiver,  aost  widely  used  during  laser  scardipg  ataosphere. 

Key:  (1).  Laser.  (2).  Receiver. 

Fig.  29.  Diagran  of  laser  locator t when  source  and  receiver  are 
arrange/located  together. 

Key:  (1).  Eaitted.  (2).  Received.  (3).  Ehot  caultiplier .  (4).  Laser. 
(5>.  Receiving  airrer. 

Rage  138. 

Vhe  second  diagraa  of  the  laser  scundifg  cf  the  ataosphere. 
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presented  in  Big.  3D,  <>as  called  the  diagraa  of  bistatic  sounding. 

Its  characteristic  feature,  the  large  basic  between  the  source  and 
the  receiver,.  In  this  diagraa,  on  the  contrary,  to  sore  preferably 
utilize  lasers  with  ccftinucus  e  t  issicn/rad  iaticn.  The  optical  axes 
cf  scarce  and  radiaticn  detector  can  intersect,  generally  speaking, 
at  different  height/altitudes.  If  we  fix  the  height/altitude  of 
intersection,  then  receiver  it  will  obtain  irferaation  in  the  fora  of 
the  scattered  at  the  specific  argle  world/light  ftoa  one  and  the  saae 
localized  veluae,  therefore,  it  is  possible  it  is  continuous  to 
follow  the  dynaaics  of  atiospheric  processes  in  the  selected  voluae. 

But,  if  us  interest  the  ataospheric  parameters,  which  relatively 
slowly  change  in  tiie,  then  a  tistatic  diagraa  can  be  utilized  for 
the  investigation  of  the  elevation  profile  cf  one  or  the  other 
paraaeter.  In  this  case^ during  the  continuers  rctation  of  the  optical 
axis  of  receiver  (source)  it  is  possible  at  will  to  change  the 
height/altitude  of  sounding  -  necessary  only  tc  follow,  that  the 
cptical  axes  cf  source  and  receiver  constantly  intersected. 


! 
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Fig.  1C.  D  lag  ta  Baa  tic  representation  of  tire  bistatic  laser  sounding 
cf  the  atmosphere. 

Key:  <(  1)  .  Laser.  (2).  Receiver. 

lage  139. 

Eistatic  scunding  of  the  atmosphere  gives  tie  possibility  of 
intercity  measurement  of  that  scattered  at  different  angles  of 
radiation  (part  of  the  incicatrix  of  scattering).  This  possibility  is 
important  for  developing  the  algorithm*  of  the  extraction  of 
single-valued  information  from  the  results  cf  scunding.  Bistatic 
diagrhm  was  adopted  in  last  1-2  years. 

Let  us  finally  examine  an  additional  one  possible  geometric 
diagram  of  the  arrange  men t/position  of  source  and  receiver  during  the 
laser  sounding  of  the  atmosphere.  It  assumes  the  tse  of  information 
abcut  the  atmosphere^  which  hears  on  itself  scattered  forward 
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radiation.  Its  realization  can  te  realized  in  two  versions  (Pig.  31 
and  32) .  With  the  first  version  the  optical  axes  of  source  and 
receiver  coincide  or  aliost  coincide,  but  tley  are  directed  to 
cppcsite  sides  (receiver  lochs  towards  source). 


Pig.  II,  32.  the  versions  of  the  geonetric  diagram  of  the  laser 
sounding  of  the  atacsphcre: 


1)  the  optical  axes  of  source  atd  receiver  either  they  coincide  or 
alacst  they  coincide,  but  they  are  directed  to  opposite  sides. 


2)  receiver  is  placed  not  far  fros  source.  Receiver  records 
scattered  forward  radiaticn,  occurring  durirg  pulse  propagation  fros 
sc tree  to  rctary  nirror,  and  fros  it  -  to  receiver. 


Key:  )(1).  Laser.  (2).  Receiver.  (3).  Rotary  nirror 
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With  the  second  version  the  receiver  is  placed  not  far  fro* 
source  and  records  scattered  forward  radiation  which  appears  daring 
palse  propagation  fron  source  to  rotary  airier  and  froa  it  -  to 
receiver,  the  distance  between  the  source  and  the  receiver  is 
deternined  by  the  size/dinensiens  cf  direct/straight  bean  after  its 
dual  passage  in  the  layer  between  the  source  and  the  nirror.  In 
principle,  here  can  be  used  the  diagraa  of  the  coabined  aethod,  if 
tfce  optical  axis  of  rotary  nirror  is  turned  to  the  saall  angle  of  the 
relatively  optical  axis  of  source. 

The  described  diagran  is  instituted  on  pulse  eaissi on/radiation. 
Its  advantages  are  deternined  by  considerably  larger  sensitivity 
during  recording  of  that  scattered  by  the  particles  of  the  aerosol  of 
world/light.  The  intensity  of  scattered  on  ataospheric  aerosols 
radiation  in  the  direction  forward  cn  several  ciders  is  aore  than  in 
the  directicn  back/ago.  This  aeans  that  during  sounding  of  the 
ataosphere  can  be  reached  the  respectively  larger  distance.  An 
essential  deficiency/lack  in  this  systea  in  the  fact  that  source  and 
receiver  aust  be  placed  on  opposite  ends  of  the  probed  route:  in  one 
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end/lead  to  establish/install  source  and  receiver,  but  in  other  - 
ictary  mirror.  Apparently,  most  it  is  simple  to  realize  this  diagram 
durinq  sounding  of  atmospheric  boundary  layer  cr  during  inclined 
sound  irg  ir  mountains.  Put  here  the  high  sensitivity  of  method  not 
too  is  necessary.  In  each  tie  cases  are  obtained  sufficiently  large 
echo  signals  during  backscattering.  Therefore  most  prospects  but, 
prcbably,  the  application/use  of  the  examined  diagram  on  the  routes 
between  the  farth  and  its  artificial  satellite  cr  orbiting  space 
station. 

All  the  examined  above  geometric  diagrams  of  the  laser  sounding 
of  the  atmosphere  are  used  for  recording  net  crly  aerosol  and 
vclecular,  but  also  Raman  and  resonance  scattering,  although  in  the 
last/latter  two  cases  we  are  dealing  with  ether  mechanisms  of 
scattering . 

Page  141. 

During  Raman  scattering  we  are  dealing  with  scattering  by  the 
molecules  of  one  or  the  other  atmospheric  gas  of  the  frequencies, 
different  from  the  emission  frequency  of  the  exciting  laser  pulse. 
The  intensity  of  this  scattering  on  several  orders  is  less  than 
■  clecular  cne,  but  it  occurs  at  another  frequency  and  therefore  we 
can  be  clearly  recorded. 
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Resonance  scattering  is  connected  with  the  absorption  of  the 
enissicn  frequency  of  laser  pulse  by  the  aclecules  of  any  ataospheric 
gas  with  the  subsequent  re-eaission  this  saae  of  frequency.  In  other 
words,  laser  pulse  with  the  appropriate  resonance  eaission  frequency, 
passing  through  the  ataosphere,  leaves  after  itself  the  glowing  loop 
of  atcas  or  aclecules,  recording  the  intensity  of  which  can  give  to 
us  information  about  gas  concentration  at  different  height/altitudes. 
Specifically,  thus  recorded  vapors  of  sodiua  in  upper  ataosphere. 
Resonance  scattering  possesses  considerably  larger  intensity,  than 
all  other  foras  of  scattering:  therefore  with  its  aid,  in  principle, 
it  is  possible  to  obtain  the  data  on  the  very  snail  concentrations  of 
a  series  of  ataospheric  gases.  Rut  for  this  it  is  necessary  to  have 
lasers  with  previously  known  resonance  for  this  gas  eaission 
frequency.  Such  lasers  have  already  been  created. 

Equipnent/device  of  laser  locator  (lidar)  . 

All  the  laser  locators,  intended  for  sounding  the  ataosphere, 
have  the  following  tasic  ce  11/e leaents:  1)  laser;  2)  the  colliaating 
systea;  3)  rotary  equipaent /device ;  4)  receiving  optical  systea;  5) 
radiation  detector  with  the  systea  of  filters  and  aaplifier;  6)  the 
•cpitor  of  eaission/radiation. 
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Let  us  examine  each  of  the  cell/elements  separately. 

Fage  142. 

Requi resents  for  the  parameters  of  the  lasers,  suitable  for 
sounding  the  atnosphere,  depend  on  the  character  of  problem.  Widest 
use  obtained  ruby  generator  at  wavelength  0.6943  p  with  the  duration 
cf  pulse  10-30  ns  at  power  several  ten  megawatt.  The  divergence  of 
team  of  en ission/radiation  on  leaving  from  generator  is  equal  to 
several  angular  minutes.  The  pulse  repetiticn  frequency  is  low.  As  a 
rule,  it  does  not  exceed  several  pulses  per  minute.  Besides  laser  on 
ruty,  are  utilized  solid-body  generators  on  glass  with  neodymium 
(wavelength  of  emi ssion/radiat ion  1.06  jjl)  ,  on  the  second  harmonics 
of  the  emission/radiation  of  ruty  laser  (wavelength  0.  34  72  and  of 
laser  cn  glass  (wavelength  C.53  /A),  and  also  lasers  from  the 
reconstructed  by  a  wavelength  on  dye/pigment  (wavelength  in  the 
visible  region  of  the  spectrum  0.5896  /i)  ,  gas  lasers  on  nitrogen 
(wavelength  0.3371  and  cn  icnized  argon  (wavelength  from  0.48  to 

0.52  ji). 

i  « 

The  collimating  system  simultaneously  increases  the  diameter  of 
exit  bean  and  decreases  its  divergence.  It  is  the  system  of  mirrors 
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cr  lenses.  The  diameter  of  exit  bean  is  centiaeters  -  tens  of 
centiaeters.  With  the  combined  aethod  large  co Ilia at  or  airror 
performs  the  role  of  receiving  antenna.  Its  diameter  estimates 
distarce  of  the  action  of  locator-  In  scae  cf  such  systems,  the 
diameter  of  receiving  airror  reaches  1.5  a. 

Rctary  equipaent/device  provides  the  rotation  of  the  optical 
axis  of  locator,  which  is  necessary  for  sourding  the  atnosphere  in 
any  direct icr. 

Receiving  optical  system,  in  principle,  in  no  way  differs  froa 
the  collimating  system.  During  scunding  of  the  atnosphere  at  high 
altitudes,  the  size/di aensions  of  receiving  antenna  have  important 
value.  In  Kingston,  Jamaica,  is  created  the  installation  in  which 

reflected  as  upper  air  the  echo  signal  of  laser  pulse  is 

* 

simultaneously  received  to  the  system  cf  airrcrs  with  total  effective 
area  cf  the  equal  tc  16  a* . 

Page  143. 

Radiaticn  detectors  usually  serve  the  photcault ipliers.  For  an 
increase  in  sensitivity  and  operational  stability,  soaetiaes  is 
applied  their  dry  cooling.  The  photomultiplier  is  placed  in  the  focus 
cf  receiving  optical  system.  Before  its  input  window  are 
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establish/installed  different  filters. 

The  interference  light  filter,  employee  for  decreasing  the 
interferences  of  ataospheric  origin,  usually  has  a  pass  band  on  the 
order  of  20  The  use  of  acre  rarrow-band  filters  will  lead  to  the 
ccrsiderable  decrease  of  interferences.  Calculations  showed  that  with 
filters  in  width  toll  sounding  of  the  atsosphere  to  high  altitudes 
can  be  it  will  be  carried  out  at  any  tiie  cf  days. 

Recorder  fulfills  the  functions  of  a aplif ication  and  aeasureaent 
cf  that  taken  by  the  phctcaultiplier  of  signal.  Recording  the  echo 
siqnal  reflected  is  conducted  by  ohetography  frea  oscilloscope  face 
cr  cn  fagnetic  tape. 

EQUATION  OP  IASBR  LOCATION. 

for  the  lower  30-kilcaeter  layer  of  the  atsosphere,  if 
irforaation  froa  it  is  obtained  with  the  mess  age  of  one  eaission 
inpulses,  the  equation  of  laser  loeatier  is  analogous  with  the 
equation  of  radar.  For  a  laser  pulse  with  saall  divergence,  when 
noalinear  effects  and  effects  cf  aultiple  scattering  can  be 
disregarded,  the  power  of  the  echo  signal,  accepted  froa  scattering 
voluae  froa  height/altitude  h,  it  is  proportional  to  the  power  of 
initial  aoaentua/i apulee/pulse,  its  duration,  area  of  receiving 
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niricr,  to  the  square  of  the  transparency  of  tie  layer  of  the 
attosphere  f tea  locator  to  scattering  voluae,  to  voluaetric 
back-scatter  factor  and  it  is  inversely  proportional  to  the  square  of 
distance  tc  scattering  voluae. 

Page  144. 

As  we  see,  into  the  eguation  of  location,  enter  two  unknown 
values:  the  transparency  of  the  layer  of  the  ataosphere  between  the 
Iccatci  and  the  scattering  voluae  and  volnaetric  back-scatter  factor. 
Coepletely  it  is  clear  that  free  the  recording  of  the  echo  signal 
reflected  we  cannot  obtain  iaac diately  both  unknown  values.  Therefore 
for  the  interpretation  of  inforaation  one  of  the  values  aust  be  known 
to  previously  or  measure  separately  in  erder  to  obtain  the  data  on 
the  second.  Let  us  consider  that  to  us  is  known  the  transparency  of 
the  layer  of  the  ataosphere  on  the  course  of  laser  pulse,  deterained 
in  this  or  soae  other  way  (it,  for  exawple,  it  is  possible  to 
deteraine  by  the  saae  laser  locator,  after  probing  the  ataosphere  at 
different  angles). 

Let  us  try  now  to  be  disaant  1  e/selected,  what  useful  inforaation 
we  can  extract  froa  the  obtained  airfoil/prefile  of  voluaetric 
coefficient  of  scattering. 
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Let  us  first  cf  all  emphasize  that  into  the  obtained 
a  iifoil/prcf ile  si  multaneousl  y  are  introduced  the  contribution  and 
the  aerosol,  and  molecular  scattering,  without  separation  of  which  we 
will  eeve  net  to  the  space  in  the  interpretation  of  the  obtained 
results.  Separation  usually  carries  out,  on  the  basis  of  the 
assumption  that  the  volumetric  coefficients  of  molecular  scattering 
are  known,  then  it  is  not  difficult  to  obtain  the  appropriate 
volumetric  coefficients  of  reverse  aerosol  scattering.  But  they  by 
themselves  do  not  represent  great  practical  interest.  For  practice  it 
is  important  to  know:  the  concentration  of  particles,  according  to 
sizes,  fora  and  chemical  composition  or,  at  least,  volumetric 
coefficient  of  scattering.  Unfortunately,  net  one  of  the  values 
indicated  cannot  be  extracted  from  the  data  on  volumetric 
tack-scatter  factor. 


If  in  molecular  scattering  there  is  single-valued 
ccmunicaticn/connecticn  between  the  coefficient  of  scattering  and 
the  back-scatter  factor  (molecular  scattering  has  only  one  indicatrix 
cf  scattering),  then  in  aerosol  scattering  there  is  no  this 
single-valued  communicaticn/ccnnecticn. 


Cage  145. 


Therefore  in  order  from  the  data  of  sounding  tc  extract  information 
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c»  concentration  of  particles  or  volumetric  coefficient  of  scattering 
(about  other  parameters  of  aerosols  thus  far  early  to  speak),  it  is 
necessary  to  utilize  net  assumptions,  so,  if  tie  particles  of  aerosol 
are  are  considered  spherical  with  known  refractive  index  and  are 
assigned  their  spectruw  of  size/di  versions,  then  of  the  data  on  the 
vcluietric  coefficients  of  reverse  aerosol  scattering  it  is  possible 
to  obtain  particle  concentration,  and  volumetric  coefficient  of 
scattering.  It  is  not  difficult  to  see  that  the  values  of  these 
values  depend  on  how  correctly  reflect  the  assigned  parameters  real 
picture . 
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Fig.  33.  Results  of  the  calculations  of  the  volumetric  back-scatter 
factors  for  the  different  values  index  of  the  exponential  function, 
which  describes  the  spectrur  of  particle  sixes,  and  different 
particle  concentrations. 

Key:  (1).  Coefficient  of  scattering.  (2).  Index  of  exponential. 

Page  146. 

In  erder  tc  emphasize  the  possible  ambiguity  of  the  described  diagram 
of  the  interpretation  of  the  sounding  data,  ve  give  the  results  of 
the  calculations  of  the  volumetric  coefficients  of  backscatter ing  for 
the  different  values  index  cf  the  exponential  function,  titich 
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describes  the  spectrum  of  sizes  of  particles  and  of  different 
concentrations  of  particles  (Figs.  33-34)  .  The  range  of  changes  in 
these  parameters  is  selected  so  as  to  overlap  their  values  in  real 
atmosphere. 

Prom  figures  it  is  evident  that  the  value  cf  the  echo  signal  of 
laser  pulse  reflected  can  several  times  change  during  a  change  in  the 
microstructur al  parameters  of  the  particles  of  the  aerosols.  This 
fact  demonstrates  the  complexity  of  the  protlem  of  t  he  single-valued 
extraction  of  information  about  the  characteristics  of  aerosol 
education/formation.  Let  us  note  also  that  the  intensity  of 
tackscattering  hy  particles  is  very  sensitive  to  a  change  in  the 
index  of  their  refraction.  It  can  considerably  vary  during  a  change 
cf  the  refractive  index  in  interval  from  1.33  to  1.50.  Let  us  recall 
that  for  the  visible  region  of  the  spectrum  value  of  1.33  has  liquid 
water,  and  value  1.50  is  accepted  to  assign  tc  solid  aerosol 
particles. 

The  described  diagram  of  the  laser  sounding  of  atmospheric 
aerosols  far  is  not  ideal  and  does  not  provide  single- valued 
infernation  even  when  is  previously  known  a  precise  value  of 
molecular  scattering.  Therefore  are  necessary  the  searches  of  the  new 
diagrams  which  either  ctilimed  in  no  way  a  priori  information  about 
the  atmosphere,  or  they  would  bring  together  it  to  tha  minimum.  In 
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particular,  there  is  great  interest  in  the  single-valued  separation 
of  scattering  into  aerosol  and  molecular. 

The  basic  ideas  of  the  new  diagrams  of  the  laser  sounding  of 
atmospheric  aerosols  whose  introduction  can  substantially  move  the 
problem  of  the  uniqueness  of  extracted  information  consists  of  the 
following.  First  of  all,  this  is  -  multif requetcy  sounding, 
instituted  on  different  dependence  of  the  coefficients  of  aerosol  and 
molecular  scattering  on  wavelength,  which,  in  principle,  provides  the 
possibility  cf  the  unique  solution  of  problem  during  measurements 
with  a  sufficient  number  of  wavelengths. 

lage  147. 

A  quantity  of  wavelengths  depends  substantially  on  that,  will  be 
utilized  any  a  priori  information  about  the  model  of  atmosphere 
dispersion . 

Use  of  a  phenomenon  of  Faman  scattering  will  make  possible  of 
the  independent  determination  of  the  echo  signals,  caused  only  by 
xclecnlar  scattering. 

In  the  bistatic  diagram  of  sounding,  the  information  about  the 
microstructur al  parameters  cf  atmospheric  aerosol  can  be  obtained 


DCC  =  781723C7 


PkGE  P-V/ 


during  the  measurement  of  the  eoissicn/iadiaticn,  scattered  at 
different  angles  at  one  and  the  same  height/altitude.  This  is 
achieved  by  the  appropriate  displacement  of  the  intersection  of  the 
optical  axes  of  locator  and  receiver.  If  cne  assumes  that  the 
atmosphere  is  uniform  in  horizontal  direction,  during  the  consecutive 
use  of  the  given  diagram  it  is  possible  to  cbtain  the  elevation 
profile  of  the  unknown  microphysical  characteristics.  Su ppleme ntar y 
information  about  the  parameters  of  atmospheric  aerosols  during  their 
laser  sounding  will  give  measurement  of  the  pclarizational 
characteristics  back-scattered  emission/radiation-  Finally,  recording 
the  strain  of  the  emission  impulse  reflected,  which  depends  on  the 
concentration  and  the  spectra  cf  particle  sizes,  also  can  be  used  for 
the  interpretation  of  the  results  of  laser  sounding. 

With  laser  sounding  of  upper  air,  the  echo  signal  is  so  it  is 
weak  that  into  receiver  fall  only  the  separate  photons. 

Therefore  reliable  registration  of  the  signal  is  possible  only 
with  the  statistical  accumulation  of  reflected  off  the  specific 
layers  of  the  atmosphere  of  photons  with  a  sufficiently  large 
quantity  of  sent  in  the  atmosphere  laser  pulses. 
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SCONDING  THE  AEROSOLS  OP  THE  TROPOSPHERE  AND  OF  THE  STRATOSPHERE. 

In  this  section  we  will  examine  the  results  of  sounding  the 
tropospheric  and  stratosphere  aerosols  which  are  obtained  in  work 
with  single  eaission  impulses.  The  ceiling  cf  this  sounding  for 
sufficiently  powerful/thick  locators  is  egual  to  approxima  tely  30-50 
ks  . 

Or  Fig.  35,  are  given  the  dependences  of  the  ratios  of  the 
measured  volumetric  tack-scatter  factors  to  calculated  ones  for 
xclecular  scattering  on  the  height/altitude  of  sounding.  He  see  that 
in  all  cases  clearly  is  detected  the  wide  aerosol  layer  with  maximum 
approximately  20  km.  This  layer  was  reveal/detected  young  during  the 
direct  measurements  of  the  concentration  of  the  optically  active 
particles  of  the  atmospheric  aeroscl  and  with  optical  measurements 
frci  Scviet  spacecraft. 

Krcwing.the  spectrum  of  particle  sizes,  their  refractive  index, 
when  the  particles  have  spherical  form,  frc«  the  data  given  in  the 
figure,  we  can  extract  information  about  the  altitude  path  of 
particle  concentration  and  cf  the  volumetric  coefficient  of  aerosol 
scattering . 

During  sounding  of  the  atmosphere  by  single  and  single- frequency 
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ncientum/inpulse/pulse  it  is  possible  to  investigate:  the 
stratification  of  the  layers  of  invisible  ones  by  eye,  but  the 
optically  active  particles  cf  the  aeroscl  cr  the  course  of  laser  bean 
(number  of  layers,  their  extent,  relative  density,  fine  structure); 
the  three-d inensional/space  structure  of  the  field  of  the  particles 
cf  the  sane  aerosols  during  sounding  in  different  directions;  the 
dyranics  of  the  stratification  of  aerosol  layers  and  their 
three-dinensional/space  structure;  the  contaiination  of  ataospheric 
boundary  layer  (space-time  characteristics)  by  the 
depart  ere/ vithd ravals  of  the  industrial  activity  of  nan;  the 
transparency  of  the  atmosphere  in  horizontal  and  inclined  directions, 
and  to  also  deternine  lever  boundary  and  sexe  ether  parameters  of 


clcuds 
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Fig.  34.  Results  of  the  calculations  of  the  ratio  of  total  volumetric 
tack-scatter  factor  to  the  volu»etric  coefficient  of  aolecular 
scattering  of  the  different  values  of  the  index  of  the  exponential  in 
foraula  Young. 

Key:  (1).  Ratio  of  the  coefficients  of  total  and  aolecular.  (2). 

Index  cf  exponential. 
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Fig.  35.  Dependences  of  the  ratio  of  vcluaetric  back-scatter  factors 
tc  calculated  cnes  for  aolecular  scattering  on  the  height/altitude  of 
sounding  according  to  different  authors. 

Key:  (1).  Patio  of  the  coefficients  of  total  and  aolecular 
scattering.  (2) .  Height/altitude  k«. 

Page  150. 

It  is  possible  to  expect  that  the  stratification  of  aerosol 
layers  is  connected  with  other  aeteorological  paraaeters.  In  any 
case,  already  there  arc  the  data  about  the  fact  that  the  aerosol 
layers  are  usually  connected  with  teaperature  inversions.  This 
open/discloses  an  additional  one  possible  way  of  applying  the 
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single-impulse  sounding.  Finally,  in  proportion  to  the  accumulation 
cf  the  experimental  data  on  the  spectra  of  size/dimensions  and 
refractive  indices  of  the  particles  of  the  aercsols  ever  note  and 
■ere  will  grew/rise  the  unigueness  of  the  data  on  concentration  of 
particles  and  volumetric  coefficients  cf  scattering,  extracted  froa 
scundirg  by  single  aoaentua/ia pulse/pulses . 

Apparently,  still  faster  will  be  improved  the  diagrams  of  laser 
sounding. 

At  the  3rd  conference  on  the  laser  soueding  of  the  atmosphere, 
which  was  taking  place  in  Kingston  valve  on  jaaaica  during  September 
1970,  it  was  described  the  diagram,  instituted  cn  the  bistatic  laser 
scundirg  of  the  atmosphere,  during  which  is  measured  the  intensity  of 
the  emissicn/radia tion ,  scattered  at  different  angles  at  one 
height/altitude.  It  was  assumed  that  the  attosphere  was  uniform  in 
hcrizcntal  directions.  The  position  of  the  optical  axes  of  locator 
and  receiver  is  changed  so  that  the  point  of  their  intersection 
ceiained  at  cne  height/altitude,  and  angles  changed. 

Processing  measurable  data  carried  out  as  follows.  Mas  taken 
model  with  the  assigned  spectrum  of  particle  sizes  and  their 
refractive  index  (particles  are  considered  spherical)  and  was 
calculated  the  probable  intensity  of  that  scattered  at  different 
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angles  of  radiation.  The  resalts  of  calculation  and  experinent 
cospared,  tlodel  with  the  sethod  of  successive  approximation  is 
charged,  thus  far  were  not  obtained  conforaity  between  calculated  and 
experimental  data. 

With  the  aid  of  the  described  aethcd  they  explained  that  at  the 
height/altitudes  of  aore  than  20  ka  predoainate  the  particles  of 
small  size/diaensions  (0.2-0. 3  p  on  a  radius)  the  refractive  indices 
cf  which  change  from  one  case  to  the  next. 

Page  151. 

At  the  saae  tine  were  detected  the  nixtures  of  particles  with 
different  refractive  indices. 

At  the  4th  conference  on  the  laser  sourding  of  the  ataosphere, 
which  passed  at  the  end  of  January  of  1S72  in  the  USA  (Tuscon, 
Arizona),  was  represented  the  whole  series  of  reports  at  least  froa 
five  different  groups,  attempting  to  develop  the  nethod  of  the 
extraction  of  infornation  about  the  concentration  and  the  spectra  of 
the  sizes  of  the  particles  cf  the  aerosols  fret  the  results  of  laser 
sounding.  One  of  the  reports  prepared  the  institute  of  optics  of  the 
ataosphere  of  SB  AN  USSR  [Siberian  Branch  cf  the  Acadeay  of  Sciences 
of  the  USSR). 
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rPTFRHIHATION  OP  THf  TR ANSPA RE RCY  CP  THE  ITROSPBERE. 

One  of  the  methods  of  deteraining  the  transparency  of  the 
ataosphere  in  vertical  or  inclined  directicr  is  instituted  on  use  for 
scunding  the  ataosphere  of  laser  locator.  The  essence  of  aethod 
consists  of  following.  If  we  aeasure  the  intensity  of  the  scattered 
f r < a  ere  and  the  sane  height/altitude  signal  during  sounding  of  the 
ataosphere  at  different  angles,  then  it  is  possible  on 
slope/incl ination  by  straight  line,  constructed  according  to  the 
results  of  aeasure  nents  in  the  specific  coordinates,  to  deteraine  at 
base  altitude  the  transparency  of  the  layer  between  the  locator  and 
the  volume  being  investigated,  since  during  sounding  by  one 
mosentua/inpulse/pulse  we  obtain  the  saooth  curve  of  the  values  of 
the  intensity  of  backscattering  free  different  height/altitudes,  then 
with  the  aid  of  this  aethed  it  is  possible  to  obtain  the  data  on  the 
transparency  of  any  layer  and,  therefore,  tc  study  the  process  of 
changing  the  transparency  with  height/altitude. 

Those  constructed  according  to  the  results  of  the  aeasureaents 
of  curve/graph  must  give  straight  lines,  if  the  ataosphere  is  unifora 
in  hcrizcntal  direction,  i.e.,  when  coefficients  of  aerosol  and 
molecular  scattering  remain  constants  in  hcrizcntal  planes  over  the 
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area  of  sounding.  If  this  condition  is  rot  satisfied,  then  of 
straight-lines  relationship  it  will  not  be  obtained,  that  it  will 
autcmatica lly  mean  that  for  determining  the  transparency  of  the 
ataosphere  the  method  is  unacceptable. 

Eage  1?2. 

Conseguently,  this  aethod  can  be  used  fer  the  check  of  the  horizontal 
uniformity  of  the  ataosphere.  The  coordinates  in  which  one  should 
ectstruct  curve/graphs ,  are  obtained  directly  froa  the  equation  of 
laser  location  for  the  case  of  the  irclined  sounding  of  the 
at  tosphere . 

The  described  aethod  was  successfully  used  in  practice. 

In  several  reports  at  the  4th  conference  on  the  laser  sounding 
of  the  ataosphere,  they  proposed  an  additicral  one  aethod  of 
■easuring  the  transparency  of  the  ataosphere  with  the  aid  of  lidar. 
Its  essence  consists  in  following.  If  we  aeasure  the  echo  signal  of 
laser  pulse  at  the  frequency  of  Paean  scattering  of  nitrogen,  then, 
taking  into  account  the  constancy  of  the  concentration  of  the  latter 
and  knowing  scattering  cross  sections,  is  net  difficult  to  determine 
the  transparency  of  the  layer  of  the  atmosphere,  comparing  the 

measured  echo  signals  with  their  values,  designed  for  the  pure/clean 

atmosphere . 
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SOONDING  THE  ABBOSCIS  CP  PESOS  EflEFE. 

The  data  of  the  laser  sounding  of  aesospheric  aerosols  are  very 
contradictory.  So,  in  the  experiments,  carried  cut  in  different  tine 
in  England,  in  Alaska,  in  Sweden,  Norway ,  near  Washington  in  the  OSA 
at  height/altitudes  of  approximately  70  lea,  echo  signal  exceeded 
conputed  value,  obtained  upen  consideration  crly  of  aolecular 
scattering,  ften  several  ten  to  several  hundred  percent.  The  results 
of  aeasureaents  on  jaaaica  were  in  ccaplete  agreeaent  with  the  data 
of  the  calculations,  carried  out  only  cr  the  basis  the  account  of 
■clecular  scattering  of  light. 

In  the  overwhelming  aajority  of  investigations,  the  aerosols  at 
beight/alt itudes  ften  30  to  60  km  are  net  reveal/detected. 

Investigations  of  aerosols  in  mesosphere,  carried  out  by 
twilight  aethed,  method  of  searchlight  sounding  and  during  the 
launching  of  rockets,  it  also  gave  the  contradictory  picture  which, 
possibly,  is  explained  by  the  fact  that  the  aeasureaents  carried  out 
in  different  tine  and  in  different  places. 


Page  153 
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Honever,  if  we  summarize  all  data,  then  during  their  comparison  with 
the  results  of  laser  sounding  appears  ere  ccnmcn/general/total 
rctccnf or* ity.  It  lies  in  the  fact  that  all  otier  methods  detect 
aetosols  at  all  height/altitudes  in  mesosphere,  including  at 
teight/altitudes  froa  30  to  60  ka.  The  numerical  values  of 
coefficients  of  aerosol  scattering  in  area  of  the  green  section  of 
the  visible  region  of  the  spectrum  oscillate  within  considerable 
Halts.  In  scae  data,  the  coefficient  of  aerosol  scattering  several 
tines  was  above  the  coefficient  of  molecular  scattering  in  all 
interval  of  the  height/altitudes  of  mesosphere. 

Thus,  between  the  data  of  the  studies  of  aerosols  in  mesosphere, 
obtained  during  the  laser  sounding  of  the  atmosphere  and  with  the  aid 
of  other  methods,  exist  the  disagreements  whose  true  reason  to 
establish/install  thus  far  is  difficult.  Completely,  however,  it  is 
possible  that  these  disagreements  seeming  and  simply  reflect  the 
diversity  of  the  aerosol  structure  of  mesosphere  and  its  dependence 
on  place  and  time.  One  of  the  obvious  cell/ele tents  of  this  diversity 
■  noctilucent  clouds,  which  appear  only  in  the  completely  specific 
vccths  and  at  large  latitudes. 


It  is  establish/installed,  for  example,  that  the  concentration 
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cf  aerosol  particles  in  ncctilucent  clouds  can  ky  3  orders  exceed  its 
value  in  t.he  absence  of  clouds.  The  spectra  of  the  size/dimensions  of 
these  clouds  are  described  ky  formula  Young  with  exponent  4  and  5 
with  the  sharp  break  of  curve  in  the  nininal  sizes  of  particles  with 
a  radius  of  0.02  m:  therefore  the  appearance  of  clouds  sharply 
charges  the  coefficients  of  aerosol  weakening  at  the  appropriate 
height/altitudes  (83±4  km,  on  last/latter  data).  Let  us  enphasize 
that  the  laser  sounding,  carried  out  in  Sweden  and  in  Alaska  in  the 
sutler  of  1964  and  in  Norway  in  the  suiter  cf  1966,  made  it  possible 
according  to  the  echo  signal  reflected  to  measure  the  extent  and  to 
rate/estinate  the  optical  thickness  cf  roctilucent  cloud. 

Fage  154. 

It  is  interesting  to  note  that  the  naxinun  cf  the  echo  signal 
reflected  in  this  case  fell  on  height/altitude  of  approx  inately  70 
ka,  i.e.,  approximately  10  km  lower  than  medium  altitude  of 
roctilucent  clouds. 

The  second  important  factor,  which  substantially  affects  the 
ccrcentrat icn  cf  particles  of  the  aerosols  in  mesosphere,  micrometeor 
dust  whose  content  changes  in  time  and  space.  Vas  recently  expressed 
an  additional  one  hypothesis  about  the  possible  reason  for  the 
variability  of  aerosols  in  the  atmosphere,  including  in  mesosphere. 


_ k 
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According  to  this  hypothesis,  the  dust  fro*  the  comet3  whose  orbits 
pass  through  the  Barth's  atmosphere,  can  daring  the  specific  period 
be  located  in  upper  atmosphere.  This  invisible  by  eye  dust  upon  entry 
intc  the  atmosphere  is  destroyed  to  particles  with  size/ dimension 
about  1  p  on  a  radius,  which  then  gradually  depcsit  down. 

A  gue^tion  concerning  the  authenticity  of  the  data  on  the 
mesospheric  aerosols,  obtained  during  laser  sounding,  finally  can  be 
sclved  only  if  succeeds  in  sufficiently  accurately  dividing  the 
measured  echo  signals  into  components,  cbliceds  molecular  and  aerosol 
scattering.  In  fact,  if  to  height/altitudes  into  30-«0  km  atmospheric 
density  and,  conse  guently ,  also  molecular  scattering  they  change 
unessentially,  then  at  the  hich  altitudes  cf  a  variation  in  the 
atmospheric  density  sufficiently  larage.  It  is  completely  clear  that 
in  this  case  is  difficult  tc  rely  cn  the  reliable  results  of  laser 
scunding,  if  they  are  instituted  on  the  calculations  of  the  a  priori 
portion  of  the  echo  signal,  caused  by  mcleculai  scattering. 

One  of  the  possible  versions  of  the  separate  definition  of  echo 
signals,  caused  by  aerosol  and  molecular  scattering,  consists  of  the 
following.  Since  the  coefficients  cf  tclecular  and  aerosol  scattering 
they  have  different  dependence  on  the  wavelength  of  the 
emission/radiation  (the  first  is  inversely  picpcrtional  to  the 
fcmrth,  and  the  second  -  approximately  the  first  degree  of 
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wavelength)  ,  then  is  not  difficult,  to  find  such  wavelengths  of  the 
emissicn/radiations  during  which  it  is  possible  to  disregard  one  fora 
cf  scattering. 

Page  155. 

For  this,  are  required  the  lasers  with  the  appropriate  wavelengths 
with  the  adequate/appr caching  parameters  (is  first  of  all  important 
pulse  power,  pulse  duration  and  their  recurrence). 

Analysis  shows  that  the  necessary  requirements  they  can  satisfy 
the  following  lasers:  generator  on  fluorite  with  dysprosium 
(wavelength  of  emissicn/rad iat ion  2.36  jl)  ;  generator  on  the  second 
harmonic  of  ruby  laser  (wavelength  of  eaission/radiation  0.3472  J*') 
and  gas  laser  cn  nitrogen  (wavelength  0.3371  jk) .  Let  us  give  the 
data  cn  the  coefficients  of  aerosol  and  molecular  scattering  for 
firstly  of  these  wavelengths.  In  the  atmospheric  boundary  layer, 
turbid  by  particles  with  the  most  probable  values  of  the  parameters 
cf  micrcstructure,  at  visibility  10  km  the  coefficients  of  aerosol 
and  molecular  scattering  are  respectively  equal  to  7«10_*  and  6»10~* 
km'1,  i.e.,  they  differ  from  each  other  approximately  1000  times. 

Entire  layer  of  the  atmosphere  attenuate/weakens  the 
cm issicn/radiation  in  wavelength  2.36  ^"because  of  the  molecular 
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scattering  in  all  approximately  by  0.03o/o,  which  cannot  be  recorded 
ty  the  best  contemporary  instruments  during  measurements  in  real 
atsosphere.  Consequently,  after  probing  the  atmosphere  by  laser  on 
fluorite  with  dysprosiuu,  it  is  possible  to  disregard  the 
contribution  to  echo  signal  because  of  molecular  scattering.  In  other 
words,  virtually  we  will  measure  the  pure/clean  aerosol  echo  signals. 
The  value  of  these  signals  must  be  approximately  of  the  same  order  as 
as  during  sounding  by  laser  on  ruby,  although  the  coefficient  of 
aerosol  scattering  for  a  wavelength  2.36  p  several  times  is  less  than 
fcr  emit/radiating  the  generator  on  ruty.  This  is  explained  by  the 
fact  that  fcr  a  wavelength  2.36  ^  the  coefficient  of  asymmetry  of 
indicatrix  of  scattering  less  ard  vcluietric  back-scatter  factor 
ptrves  to  be  respectively  more. 

Page  156. 

The  coefficient  of  molecular  scattering  for  a  wavelength  0.3371 
JJbr  27  tines  more  than  for  a  laser  cn  ruby,  while  the  corresponding 
difference  in  coefficients  of  aerosol  scattering  is  approximately 
equal  to  2.  Thus,  after  probing  the  atmosphere  by  generator  on 
molecular  nitroqen,  we  cbtain  the  echo  signals,  mainly  caused  by 
sclecular  scattering. 


Generator  on  fluorite  with  the  dysprosium,  cooled  by  liquid 
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nitrogen,  has  power  in  moventum/im pulse/pulse  1-2  HH ,  duration  of 
pulses  40  ns,  recurrence  of  approximately  1000 

momentum/impulse/p ulses  per  second.  Gas  laser  cn  molecular  nitrogen 
has  the  sore  modest  parameters:  power  in  mcientum/ia  pu  lse/pulses  100 
kE,  a  duration  of  pulses  10  ns  and  recurrence  of  100 
momentua/iapulse/p ulses  per  second.  True,  new  is  conducted  intense 
work  cn  an  increase  in  .the  power  of  this  generator.  Generator  on  the 
second  haracric  of  ruby  laser  can  have  pulse  power,  which  differs 
from  its  value  in  fcasic  evissicn/radiat ion  less  than  double. 

SCOKDING  CLOUES. 

Perhaps,  it  is  possible  with  confidence  to  say  that  perhaps,  it 
is  possible  with  confidence  to  say  that  the  laser  sounding  of  clouds 
will  be  iapleaented  into  practice  faster  and  it  is  wider  than 
sounding  other  atmospheric  parameters.  To  this  contribute  first  of 
all  the  high  values  of  the  echo  signal  reflected,  and  also  the 
practical  need  for  having  scae  data  on  the  clouds  which  can  be 
obtained  with  the  aid  of  locators  with  the  relatively  modest 
parameters.  Is  important  the  fact  that  the  particles  of  clouds  have 
correct  spherical  form,  and  the  index  of  their  refraction  is  well 
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Laser  sounding  of  clouds  gives  the  possibility:  1)  with  high 
accuracy  tc  measure  lower  cloud  base  and  to  investigate  its 
space-time  variability  (during  tie  use  cf  lasers,  workers  in 
ccrditicns/wcde  with  the  g-switching,  the  accuracy  of  the 
determination  of  lower  boundary  to  1  ■)  ;  2)  to  determine  the 
gecaetric  and  optical  cloud  thickness  relatively  low  density 
(high-level  cloud,  noctilucent  clouds)  or  average  and  high  density, 
lut  small  vertical  extent  (crder  of  several  hundred  meters);  3)  to 
determine  clcud  height  through  the  falling  out  from  it 
residue/settlings;  4)  tc  measure  tie  height/altitudes  of  the 
apex/vertexes  cf  the  distant  clouds;  5)  to  measure  lower  boundary  and 
vertical  extent  of  high-level  clouds  through  tie  breaks  in  the  clouds 
cf  the  lower  and  average  of  decks;  6)  to  investigate  the  dynamics  of 
cr igin/ccnce ption/initiation  and  development  of  cloud;  7)  to 
investigate  the  flccculent  three-dimensional/space  structure  of 
clcuds  and  its  variability. 

All  the  enumerated  problems  can  be  solved  and  partially  are 
solved  with  contemporary  ones  tie  laser  soucding  technique  of  the 
atmosphere  and  volume  of  our  knowledge  about  the  scattering 
properties  of  clouds.  On  Fig.  36,  is  given  cne  cf  the  illustrations 
cf  the  application/cse  of  lasers  for  determining  lower  boundary  and 
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three-dimensional/space  extent  of  the  clouds  of  low  density.  In  the 
lower  part  cf  the  figure  -  airfoil/profile  of  the  horizontal 
secticral  vie*  of  the  locality  where  were  conducted  aeasureaents 
(state/staff  California,  OSA)  .  By  triangle  is  larked  the  place  where 
was  located  the  laser  locator,  which  pulsed  at  different  angles  in 
the  vertical  plane,  which  coincided  with  wind  direction.  In  the  upper 
part  of  the  figure,  are  qiven  tte  results  cf  scunding  the  weak  cloud 
layers  at  height/a ltitcde  froa  8  to  12  km . 

Tc  each  enission  iapulse  correspond  two  pcints,  one  in  lower 
boundary  of  cloud  layer,  tte  second  -  in  upper.  Exception  is  cloud 
layer  with  lcwer  b  ocndary  at  height/altitude  of  approx  iaately  8  ka. 
Its  upper  boundary  was  not  determined  due  to  the  considerable 
vertical  extent  of  layer. 

Page  158. 

Cl  cud  layers  at  the  height/altitudes  of  10-12  ka  "were  x-rayed"  by 
laser  locator,  although  somewhere  their  extent  on  the  course  of 
moaentua/iapulse/pulse  exceeded  2  ka  (for  exaaple,  layer  of  locator 
tc  the  left  at  a  distance  of  2C-22  ka  on  horizontal)  . 

Per  practice  it  is  iaportant  to  also  know  concentration  of 
particles,  their  according  to  sizes,  water  content  of  clouds. 
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volumetric  coefficients  of  scattering  and  reflection,  space-time 
picture  of  a  change  in  these  characteristics.  Something  in  this 
direction  it  is  already  made.  First  of  all,  are  designed  volumetric 
coefficients  cf  scattering  and  corresponding  volumetric  back-scatter 
factors  of  different  types  cf  clouds  for  two  wavelengths  of 
emissicn/radiat ion  -  0.69  (laser  on  ruby)  acd  1.06  f'  (laser  on 
glass  with  neodymium).  It  turned  out  that  for  the  most  widely  used 
types  cf  clouds  the  ratio  of  back-scatter  factors  to  coefficients 
scattering  is  characterised  by  within  limits  3Qo/o. 
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Fig.  36.  Vertical  section  of  cloud  layers,  obtained  during  laser 
soanding. 

Kef:  (1).  Height^* ltit ude  in  lea.  (2).  locator.  (3).  Distance  froa 
lecatot  ka. 

Page  159. 

Divergence  tc  30o/o  is  obtained  only  for  one  type  of  clouds,  and  for 
all  others  it  was  only  10-15o/c.  The  ccrfiriaticn  of  these  nuaerals 
cf  the  experiaental  path  will  aean  that  frea  the  echo  signal 
reflected  it  is  possible  to  directly  extract  inforaation  about 
voluaetric  coefficient  cf  scattering. 
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An  additional  possibility  of  determining  the  volumetric 
coefficients  of  scattering  clcads  is  ccrnected  with  the  study  of  a 
change  in  the  shape  of  the  reflected  fro*  cloud  pulse.  In  our 
collective  it  is  establish/ installed  the  clearly  expressed  *onotonic 
dependence  between  the  coefficient  of  scattering  cloud  and  all 
characteristics  of  the  deformed  echc  Fulse  (width,  edge  steepness, 
saximui  amplitude  and  time  lag).  This  dependence  can  be  used  during 
the  determination  of  the  volumetric  coefficients  of  scattering  clouds 
in  the  strain  of  tie  echo  frc*  the*  laser  prises  (Fig.  24)  . 

As  supplementary  confirmation  of  the  pcssibility  of  using  the 
strain  of  the  echo  pulse  for  the  quantitative  estimation  of 
volumetric  coefficient  of  scattering  serve  the  results  of  the 
calculations,  carried  cut  in  the  institute  of  optics  of  the 
atmosphere  for  the  momentuv/impulse/pulses  cf  laser  on  ruby  with  the 
applicatior/ose  of  a  method  of  statistical  tests.  Figure  37 
illustrates  cne  of  the  obtained  results.  Along  the  horizontal  axis  is 
plotted  the  time  in  microseconds,  cn  vertical  -  logarithms  of  the 
intensity  of  the  echo  from  cloud  pulse.  Curves  are  related  to  the 
values  of  volumetric  coefficient  of  scattering  by  0.02;  0.1  and  0.5 
f Calculation  is  carried  out  for  the  cloud  the  sizes  of  particles 
of  which  are  subordinated  to  gamma-distribution  in  most  probable 
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Proa  the  figure  ore  can  see  that  tc  the  value  of  volumetric 
coefficient  cf  scattering  is  very  sensitive  the 

slope/transconductance  cf  leading  edge  and  the  half- width  of  the  echo 
pulse.  The  analysis  of  other  results  of  calculation  showed  that  the 
shape  of  the  pulse  reflected  is  virtually  irsersitive  to  the 
half-width  of  the  spectrum  of  the  sires  of  the  particles  of  the 
clcud. 

Page  160. 

Thus,  it  is  possible  tc  count  that  a  question  concerning  the 
extraction  of  reliable  inforaaticr  ccncernirg  the  volumetric 
coefficients  cf  scattering  clouds  from  the  results  of  their  sounding 
by  lasers  can  be  solved  during  use  by  one  of  the  examined  procedures. 

It  is  considerably  more  ccmplex  with  determining  of  the 
■icicstructuial  characteristics  of  cloud.  Apparently,  effective  means 
of  the  solution  of  this  problem  -  multifrequency  sounding  which  still 
is  located  in  the  quite  initial  stage  of  development.  It  is  necessary 
to  emphasize  that  the  multi  frequency  scundirg  must  begin  from  the 
theoretical  development  of  the  algorithm  of  the  unique  solution  of 
the  reverse  problem,  determining  the  wavelexgths  of  sounding  and 
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accuracy  of  aeasur eaents.  At  least,  as  a  result  of  calculations 
theorists  east  find  optiaua  conditions  for  sounding  the  aicroph ysical 
pacaaetecs  of  clouds. 
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Piq.  37.  shapes  of  the  reflected  froe  cloeds  laser  pulses  at  the 
values  of  volueetric  coefficients  cf  scattering  by  0.2;  0.1;  0.5  ■-». 
Alcng  the  horizontal  axis  is  plotted  the  tine  in  aicroseconds,  on 
vertical  line  -  logarithn  of  the  intensity  cf  the  echo  from  cloud 
pulse. 

Key;  (1)  .  t  (jis)  . 

Page  161. 

On  the  other  hand,  is  necessary  the  developaent  of  the 
corresponding  lasers.  It  is  obvious,  are  premising  the  created 
recently  sufficiently  powerf ul/thick  reconstructed  generators  on 
dye/pigaents  and  the  reconstructed  paraeetric  generators.  Finally,  it 
is  possible  to  utilize  solid-*bcdy  lasers,  that  *ork  on  the  hareonics 
cf  fundanertal  enissicn  frequencies.  At  4-th  conference  on  the  laser 
sounding  of  the  atnosphere,  they  coeeunicated  on  the  creation  of 
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four-frequency  lidar,  using  lasers  on  ruby,  glass  with  neodymium  and 
then  were  second  harmonics. 

Bven  new  it  is  possible  to  select  necessary  for  sounding  the 
clouds  in  the  close  ultraviolet,  seen  ard  by  the  nearest  infrared 
regions  generators,  especially  because  requirement  for  radiation 
spectra  in  these  cases  flexible  (provided  tc  hit  the  narrow 
atwospheric  window).  In  the  regions  indicated  there  is  at  least  with 
tens  of  wavelengths  of  sufficiently  powerful/thick  laser 
ei  issicn/radiation ,  more  or  less  than  evenly  distant  from  each  other. 
Pore  badly  is  matter  with  wave  band  from  2.36  to  10.6 


S01HDIHG  OP  ATMOSPHERIC  PCIIIJTICR. 

The  problem  of  fight  with  the  contaminations  of  the  atmosphere 
with  each  day  becomes  ever  wore  actual/urgert.  Therefore  increasingly 
sere  accte/sharply  is  felt  the  need  for  the  development  of  the  ideal 
vethods  of  the  reliable  quantitative  estimation  of  the  degree  of 
contamination  of  the  attosphere.  (Let  us  ncte  that  the  ideally 
pure/clean  atmospheres  be  cannot,  yes  even  there  are  no  need  in 
this).  Thus  far  none  of  the  contemporary  methods  gives  the 
operational  estimation  of  the  degree  of  air  pcllution  on  sufficiently 
wide  three-dimensional/space  and  time  /temporary  scales. 
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The  method  of  the  quantitative  estiaation  of  the  value  of  the 
surface  finish  of  the  atmosphere,  instituted  cn  the  use  of  lasers, 
obviously,  has  larqe  (no  meanings) . 

Face  162. 

First  of  all,  one  should  emphasize  that  with  its  aid  it  is  possible 
not  to  only  quantitatively  rate/estimate  the  contamination  of  free 
atiosphere  in  any  available  to  laser  pulse  of  the  localized  region, 
but  also  to  investigate  in  detail  its  space-time  structure. 
Furthermore,  this  method  makes  it  possible  to  establish/install  the 
sources  of  contaminations  ard  to  rate/estimate  their  role  in  clouding 
of  the  atmosphere  cn  different  height/altitudes.  The  prospect  of  the 
method  of  the  laser  sounding  of  the  contaminations  of  the  atmosphere 
is  caused  by  its  high  sensitivity.  Indeed  locator  recovers  echo 
sigrals  from  invisible  ones  by  the  eye  of  the  particles  of  the 
aerosols  with  from  relatively  small  concentration.  Contaminations,  as 
shew  the  available  data,  create  strong  echo  signals  which  are 
detected  with  locators  with  the  sufficiently  medest  energy 
characteristics  of  lasers.  For  the  illustration  of  the  possibilities 
of  laser  sounding  of  the  cort am inat iens  of  the  atmosphere,  we  give 
Fig.  38,  or  which  shown  space-time  distribution  of  the  contaminations 
cf  atmospheric  boundary  layer,  received  with  the  aid  of  laser. 
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Fig.  38.  Space-ti«e  picture  of  the  contaa  inations  of  the  ataosphere, 
obtained  for  12  hours  of  laser  sounding  at  height/altitude  to  1  lea. 

Key:  (1).  Height/altitude  in  feet.  (2).  Time  in  hours.  (3).  Ranges  of 
values  of  aass  in  g/m3. 

Fage  163. 

With  the  aid  of  lidars  it  is  possible  to  probe  the 
ceataainations  of  the  ataosphere  not  only  aerosols  of  industrial 
origin,  but  also  gas  ccaponents.  To  this  prcblea  was  dedicated  a 
series  of  reports  at  the  4th  conference  oi  the  laser  sounding  of  the 
ataosphere.  The  greatest  successes  achieved  Japanese  researchers. 

They  deaonstrated  the  possibility  in  principle  of  the  laser  sounding 
of  any  soiling  the  ataesphere  gas. 
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To  the  use  of  a  laser  echo  method  of  the  contaminations  of  the 
atmosphere  are  recently  given  all  more  attention.  Extensive  work  in 
this  direction  are  conducted  ir  the  DSA  and  Japan. 

Soandinq  density,  temperature,  and  pressure  of  the  atmosphere. 

The  determination  of  density,  temperature  and  pressure  has  very 
important  value,  since  these  atmospheric  parameters  play  the 
significant  role  in  different  atmospheric  processes,  including  in 
weather  and  climate  formation.  One  of  the  methods  of  the  laser 
sounding  of  these  connected  parameters  is  irstituted  on  the 
■easurement  of  the  echo  signal  reflected,  caused  by  molecular 
scattering  of  light.  As  it  was  already  noted,  the  measured  during 
sounding  volumetric  back-scatter  factor  is  unambiguously  connected 
with  volumetric  coefficient  of  scattering,  if  we  deal  only  with 
molecular  scattering.  In  turn,  vclumetric  ccefficient  of  scattering 
is  urambiquccsly  connected  with  atmospheric  density  (tty  number  of 
■  c  lecules  per  unit  of  volume). 

Thus,  if  in  experiments  in  some  way  it  is  possible  to  obtain  the 
data  on  reverse  molecular  scattering,  them  frca  them  are 
autcmatica  lly  obtained  the  data  on  atmospheric  density.  Density, 
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pressure  and  temperature  of  the  atmosphere  are  connected  by  the 
definite  analytical  dependences,  sc  that  on  the  basis  of  the  data  on 
cne  of  the  i  it  is  possible  to  determine  others.  Knowing  temperature 
and  atmospheric  density,  with  the  aid  of  the  appropriate  equation 
without  great  work,  we  will  obtain  the  value  cf  pressure. 

Page  164. 

As  has  already  been  mentioned,  at  height/altitudas  from  30  to  60 
km  during  the  laser  sounding  of  the  atmosphere,  was  not 
reveal/detected  perceptible  ccntributicn  tc  the  echo  signal  of  the 
echo  frcm  the  particles  of  the  aerosols  laser  pulse.  If  we  disregard 
the  contribution  of  aerosols  to  echo  signal,  then  it  is  possible  to 
thoroughly  calibrate  the  system  of  locator  during  measurements  with 
any  of  the  reduced  height.  Hore  preferable,  however,  to  take  for 
calibration  the  height/altitude  of  30  km,  because,  in  the  first 
place,  the  value  of  signal  for  it  is  more  than  for  other 
height/altitudes  of  interval,  secondly,  this  height/altitude  they 
reach  the  radiosondes  which  can  give  the  quantitative  data  on 
atmospheric  density  from  direct  measurements.  Carried  out  thus 
calibration  eliminates  the  need  for  the  separate  measurement  of  the 
transparency  of  the  atmosphere,  entering  the  equation  of  location. 

A  question  concerning  that,  is  it  possible  not  to  consider  the 
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rcle  of  aerosols  in  the  formation  of  echo  signal  of  laser  pulse  at 
the  height/altitude  of  30  km,  cf  course,  it  needs  supplementar y 
experimental  ccnf i  rmations.  They  can  be  obtained  with  sounding  of  the 
atmosphere  with  the  aid  of  laser  at  wavelength  2.36  JA,  or  during 
simultaneous  sounding  by  any  wavelength  and  precise  measurement  of 
atmospheric  density  by  another  independent  method.  It  is 
indisputable,  such  proofs  will  be  obtained. 

The  absence  of  the  perceptible  ccntribcticr  of  aerosols  to  the 
echo  signal  reflected  still  in  no  way  indicates  the  absence  of 
aerosols  on  the  appropriate  height/altitudes.  Is  completely 
permissible  such  situation,  when  the  coefficient  of  aerosol  weakening 
several  times  exceeds  the  coefficient  cf  mclecnlar  scattering,  but, 
nevertheless,  the  effect  of  aerosol  scattering  on  echo  signal 
incomparably  less  than  the  molecular.  This  occurs  when  for  the  probed 
wavelength  of  particle  raciaticr  of  aercscls  they  possess  the 
strcngly  elcrgated  forward  indicatrix  of  scattering. 

Page  165. 

And  if  at  the  height/altitudes  of  30-60  km  we  have  precisely  this 
case,  then  completely  we  can  disregard  aerosols,  in  spite  of  their 
existence  in  the  perceptible,  free  the  point  of  view  of  volumetric 
coefficient  cf  scattering,  quantities. 
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Let  us  qive  examples  of  the  results  of  the  laser  sounding  of  the 
density  of  upper  atmosphere  (mesosphere),  ottained  by  method 
indicated  above,  on  Figs.  39-41,  are  represented  the  data  of  the 
soundings,  carried  out  in  state/staff  Maryland  (USA)  ,  in  Winkfield 
(Erglard)  and  in  Kingston  valve  (janaica)  .  Errors  do  not  exceed  3o/o 
for  height/altitudes  tc  50  km  (upper  figure),  70  km  (average  figure) 
and  9Q  fern  (lever  figure).  Tbis  high  accuracy  is  reached  because  of 
the  addition  cf  a  large  quantity  of  sent  laser  pulses. 

Frcm  the  illustrated  here  three  cases  cf  sounding  only  in  one 
the  radar  echo  reflected  exceeded  that  expected  upon  consideration 
cnly  cf  xclecular  scattering  (height/altitude  of  70-80  km). 

Measurements  in  England  reveal/detected  the  seasonal  dependence 
of  echo  signals  at  height/altitudes  from  50  to  90  km.  The  difference 
in  the  absolute  values  of  signals  ccmpcsed  approximately  50-60o/o.  In 
suxner  signals  are  more,  but  less  than  are  in  winter  average  annual 
ones  by  25-30o/o. 

let  us  give  an  additioral  cne  interesting  example  of  sounding 
the  density  of  upper  atmosphere,  carried  out  in  Kingston  valve.  Its 
results  are  depicted  on  Fig.  42.  Measurements  continued  2.5  hours. 
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For  this  tine  in  the  atmosphere,  were  sent  300 

momentum/inpulse/pulses.  For  figure  distinctly  evident  the  divergence 
cf  the  measured  echo  signals  frcm  those  designed  for  height/altitudes 
frcm  45  km  acd  it  is  above  which  vavily  increased  with 
height/altitude,  reaching  at  height/altitude  cf  approximately  100  km 
cf  maximum  value  -  more  than  lOCo/o.  The  authors  of  this  experiment 
supposedly  explain  discovered  wavy  nature  of  tie  echo  signal 
reflected  by  effect  on  upper  atmosphere  of  the  Earth  tides.  On  the 
reascns  for  divergence  itself  nothing  defined,  apparently,  cannot  be 
said,  since  it  can  be  caused  by  both  the  aerosol  layers  and  change  in 
the  density  of  the  pure/clean  atmosphere. 


— . 
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Fig-  39. 


Pig.  40. 
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Figs.  39.  40.  41.  Data  cf  soundings  of  aescsphere.  carried  out  near 
Washington  (USA) .  in  Winkfield  (Frqland)  and  in  Kingston  valve 
(Jaiaica)  .  In  all  three  figures  the  results  of  sounding  are 
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represented  by  points  with  the  passing  through  then  vertical  lines 
whose  length  speaks  about  measuring  errors.  Unbroken  curves  reflect 
the  dependence  of  the  function  of  reverse  nclecular  scattering  on 
height/altitude  on  the  standard  model  cf  the  atmosphere. 

Key:  (1).  Maryland,  39°N.  (1A).  me centua/in pulse/pulse.  (2). 

sterad*1.  (3).  winkfield  51°N.  (4).  Kingstcr,  Jamaica  19°(f. 

Page  167. 

On  Fig.  43,  is  shown  the  dependence  of  temperature  on 
height/altitude,  obtained  on  the  basis  of  the  analysis  of  the  results 
of  the  laser  sounding  cf  atirospteric  density  at  height/altitudes  from 
50  tc  80  km  in  Winkfield. 

All  the  examinea  above  results  of  sounding  the  density  were 
related  to  mesosphere,  since  tc  isolate  nclecular  scattering  at  these 
height/altitudes  is  relatively  simple,  if  we  proceed  from  the 
assumption  about  the  extremely  stall  rcle  of  aerosol  scattering  in 
the  fernatien  of  the  echo  signal  reflected.  At  height/altitudes  to  30 
km  aerosol  scattering  significantly  affects  echo  signals,  and  thus 
far  still  it  is  not  possible  tc  sufficiently  accurately 
separate/liberate  it  fren  molecular.  During  processing  of  the  results 
of  sounding  in  the  lower  30-kilcneter  layer  of  the  atmosphere,  the 


DOC 


781723C7 


PAGE  MrT  2*15 


molecular  scattering  is  considered  not  changing  in  tiie  in  conformity 
the  standard  model  of  the  atmosphere. 


Fig.  42.  Results  of  sounding  the  density  of  nesosphere,  obtained  in 
Kingston  (Jamaica)  .  Along  the  horizontal  axis  are  plotted  the  values 
cf  height/altitude  ,  on  vertical  -  ratio  of  the  observed  echo  signal 
*0  that  designed  by  the  standard  model  of  the  atmosphere  taking  into 
account  only  molecular  scattering. 


Key:  (1).  momentun/iapulse/pulses. 
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It.  conclusion  let  us  note  that  the  data  on  density,  temperature 
and  pressure  during  the  laser  sounding  of  the  atnosphere  in  principle 
can  be  obtained  on  the  basis  of  the  very  fire/thin  investigations  of 
the  echo  signal  reflected  within  the  linits  of  the  duct/contour  of 
the  line  of  the  absorption  cf  ary  atmospheric  gas. 

In  chapter  about  the  absorption  of  laser  emission/radiat ion  by 
atmospheric  gases  we,  in  particular,  examined  the  dependence  of  the 
duct/ccntour  of  the  lines  of  absorption  on  pressure  and  temperature. 
Both  pressure  and  temperature  affect  the  fcrm  cf  duct/contour  and 
half-width  cf  the  line  of  absorption.  Thoroughly  investigating  the 
fcrm  of  duct/contour  and  half-width  of  the  line  of  absorption  during 
scattering  cf  emission/radiaticn  from  different  height /alt itudes,  it 
is  possible  to  solve  the  inverse  problem  -  to  find  the  corresponding 
to  them  values  of  pressure  and  temperature. 
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fig.  43.  Dependence  of  temperature  on  height/a ltitude.  Points 
designated  the  values  cf  temperature,  obtained  fros  the  results  of 
sounding.  Unbroken  curve  is  constructed  according  to  the  standard 
vcdel  cf  the  atmosphere. 

Page  169. 

Idea  this  thus  far  nowhere  was  voiced  nor  was  utilized,  it  is 
possible  in  connection  with  the  great  difficulties  of  realization. 
Indeed  first  cf  all  will  be  reguired  laser  with  the  reconstructed 
frequency  within  the  limits  of  the  duct/centcer  of  the  specific  line 
cf  abscrpticr  and  it  is  simultaneous  with  the  extremely  high  degree 
of  monochromaticity  (order  10'3  cm'3). 
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GASES. 


Scunding  the  concentration  of  the  molecules  of  water  vapor  and 
other  gas  atmospheric  components  can  be  carried  out:  1)  daring  the 
Heasurenent  cf  the  echo  signal  reflected  at  two  closely  spaced 
wavelengths,  one  of  which  is  given  to  center  cf  the  line  of  the 
absorption  of  the  corresponding  gas,  and  another  is  arrange/located 
together,  cat  of  the  line  of  absorption;  2)  during  the  use  of 
resonance  scattering  of  the  laser  emission /radiation  when  the 
wavelength  of  the  latter  coincides  with  the  intense  line  of  the 
absorption  of  atnospheric  gas  with  the  short  lifetime  of  atom  or 
■  ciecule  of  this  gas  in  elicited  state  and,  the  consequently  extremely 
rapid  re-emission  of  the  absorbed  light  quartuv  with  the  sane 
frequency;  3)  cn  Raman  scattering  with  which  the  molecules  of 
atmospheric  gas  are  exchanged  with  energy  with  the  falling/incident 
light  quantum  and  in  echo  signal  together  with  the  frequency  of  the 
falling/incident  quantum,  there  is  considerably  more  low-level 
radiation  with  another  frequency. 

In  spite  of  importance  of  information  about  the  airfoil/profiles 
of  the  concentration  of  different  atnospheric  gases  and  relative 
simplicity  cf  the  procedure  of  its  extraction  during  the  use  of  any 
of  three  named  methods,  we  dispose  of  extremely  meager  data. 
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This,  first  cf  all,  it  is  explained  by  the  contemporary  level  of 
development  of  laser  technology. 

Was  undertaken  by  one  more  oi  less  successful  attempt  at  the  use 
cf  a  pulse  laser  on  ruby  for  sounding  the  high-altitude  distribution 
of  the  concentration  of  water  vapor.  Sounding  was  carried  out  by  two 
mo  men  tu  m/impulse/pulses,  the  wavelength  of  cne  cf  them  (0.69438  JJL) 
coincided  with  the  center  section  of  the  line  of  absorption  H20,  the 
wavelength  cf  another  differed  in  all  on  0. 5-1.0  cm""*  but  it  fell 
between  the  lines  of  absorption.  Since  back-scatter  factors  for  these 
wavelengths  do  not  in  practice  differ,  then  from  the  equation  of 
laser  location  is  not  difficult  tc  cbtain  the  sufficiently  simple 
fcrwula  on  which  it  is  possible  to  determine  the  distribution  of 
water  vapor  with  height/alt itude,  if  are  kncwn  echo  signals. 

In  this  way  it  was  possible  to  obtain  the  elevation  profile  of 
hutidity  fcr  the  lover  Q-kilometer  layer  of  the  atmosphere. 

The  phenomenon  of  Raman  scattering  was  used  for  sounding  the 
a irfcil/prcf ile  of  the  concentration  of  molecular  nitrogen  -  the 
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basic  atmospheric  component.  The  source  of  generation  mas  a  ruby 
laser  in  wavelength  of  enission/radiat ion  0.69«l3  The  line  of 
Faman  scattering  of  the  molecule  of  nitrogen  had  length  of 
e*  issicn/radiation  0.85e5  The  height/altitude  of  sounding  did  not 
exceed  10  km,  since  the  intensity  of  this  line  approximately  to  3 
orders  is  lower  than  the  intensity  of  molecular  scattering  at  this 
same  wavelength. 

During  sounding  of  the  atmosphere  by  pulse  laser  on  molecular 
nitrogen  (wavelength  of  ewissicn/radiat  ion  0.  3371  j6  it  was  possible 
to  record  the  lines  of  Raman  scattering  of  the  molecules  of  nitrogen 
(wavelength  C.3658  and  of  oxygen  (wavelength  0.3557  fi  )  .  The 
height/altitude  of  sourding  is  less  that  10  km. 

Resonance  scattering  was  used  for  sourding  vapors  of  sodium  in 
upper  atmosphere. 

Page  171. 

This  example  magnificently  demonstrates  the  possibility  of  the  method 
of  the  laser  sounding  when  is  applied  generator  with  the  necessary 
parameters.  In  sodium,  atoms  exist  two  intense  lines  of 
enission/radiat  ion  in  wavelengths  0.5890  and  0.5896  pL.  (famous 
dcmblet  of  sedium).  In  experiments  was  utilized  a  dye  laser  with  the 
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reconstructed  by  wavelength  of  emission/r  af  iation.  Thus,  it  proved  to 
be  possible  to  probe  the  atmosphere  by  the  emission/radiation  the 
wavelength  of  which  coincided  with  cne  cf  the  lines  of  the  doublet  of 
sodium.  Sounding  only  did  net  make  it  possible  to  reveal/detect 
sodium  at  height/a ititude  from  80  to  100  km,  but  also  to  measure  its 
concentration,  distribution  with  height/altitude  and  to  investigate 
the  space-time  distribution  of  vapors.  Eut  indeed  the  maximum 
comcentraticn  of  vapors  of  sodium  comprised  the  billionths  of  the 
comcentrat ion  of  nitrocen  and  oxygen  at  these  altitudes!  Let  us  note 
that  the  obtained  average  high-altitude  airfoil/profile  cf  the 
concentration  of  vapors  of  sodium  corresponded  to  that  depicted  in 
Fig.  1,  obtained  by  another  method. 

In  conclusion  let  us  formulate  basic  reguirenents  for  lasers  for 
semndirg  atmospheric  gases.  The  main  things  and  most  rigid  of  them 
are  related  to  the  radiation  spectrum  cf  generators.  It  must  be 
siiultaneocsly  and  high-monochromatic  (width  of  emission/radiation 
must  net  exceed  the  hundredth  of  kayser),  and  have  predetermined  with 
accuracy  not  less  than  0.01  cm"*  wave  length  constant  of 
emissicn/radiation.  Requirements  for  power  and  energy  of 
■c  lentom/impulse/polse  the  same  as  during  sounding  of  other 
atmospheric  parameters.  The  greater  the  pulse  energy,  the  higher  the 
ceiling  cf  semnding. 
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The  success  of  sounding  atmospheric  gases  also  depends 
substantially  cn  the  level  cf  our  knowledge  about  the  true 
duct/contour  of  the  spectral  lines  which  will  be  utilized  in 
practice,  including  frcm  the  perfection/improveaent  of  the  aethods  of 
laser  spectrcaetry  . 

Fage  172. 

SCONDING  TOP  EDIENT  l ETE E OGE FEITI ES  AND  CP  TIE  MIND  IN  THE  ATHD  SPHERE. 

During  the  propagation  of  laser  eaission/radiat  ion  in  the 
turbulent  atmosphere,  occur  the  fluctuations  cf  amplitude  and  phase, 
which  cause  in  turn,  the  fluctuations  of  intensity,  angle  of  arrival, 
transverse  of  intensity,  angle  cf  arrival,  the  cross  section  and 
ether  parameters  of  bean.  These  fluctuations  depend  on  the  intensity 
of  turbulence,  the  internal  and  external  scales  of  the 
heterogeneities  of  the  spectrum  of  the  fluctuations  of  the  rate  in 
the  turbulent  flow  and  the  connected  with  it  spectrum  of  the 
micropulsatioas  of  temperature  and  refractive  index,  on  average  wind 
speed.  Therefore  in  principle  on  the  basis  of  the  aeasureaents  of  the 
statistical  characteristics  of  the  randca  distertions  of  the 
parameters  of  laser  beam,  it  is  possible  to  determine  the 
characteristics  of  atmospheric  turbulence  and  wind  velocity. 
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Let  us  examine  seme  of  the  possible  diagrams  of  the  reaote 
deterainat ion  of  the  paraaeters  of  gustiness,  instituted  with  the  use 
cf  lasers.  Let  us  begin  from  the  deterainat ion  of  the  value  of  the 
intensity  of  turbulence,  which  has  widest  practical  application/use. 
This  value  is  characterised  by  the  so-called  structural  constant  of 
refractive  index. 

One  of  the  simplest  aethods  of  determining  the  structural 
constant  of  refractive  index  is  based  cn  the  aeasureaents  of  the 
"vibraticn"  cf  image  in  the  focal  plane  of  the  teles/'ope,  which 
accepts  the  beam  of  laser  ex  iss  ion/radiat  ic  r,  which  passed  the 
specific  layer  cf  the  turbulent  atmosphere.  Accordingly  of  known  froa 
the  literature  approximation  formula,  dispersion  of  the  vibration  of 
the  inaqe  of  laser  it  is  connected  with  the  structural  constant  of 
refractive  index,  the  thickness  of  the  layer  of  the  atmosphere 
between  the  laser  and  the  telescope  and  the  diameter  of  telescope, 
measuring  the  dispersion  cf  the  vibration  of  image  and  knowing  the 
distance  between  the  source  and  the  receiver  and  the  diameter  of 
receiving  system,  it  is  possible  without  the  sf  v,ial  work  to 
determine  the  structural  constant  of  the  refractive  index  of  air. 

Page  173. 


The  block  diagram  of  the  corresponding  experimental  installation  is 
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developed  in  out  collective.  Testings  of  installation  itself  it  gave 
satisfactory  results. 

The  described  diaqran  makes  it  possible  to  find  the  structural 
constant  of  the  refractive  index  of  the  specific  layer  of  the 
atacsphere  between  the  source  and  the  receiver.  In  practical  activity 
it  is  frequently  necessary  to  know  the  airf  oil/ prof  ile  of  structural 
constant  on  the  course  of  laser  beaa.  The  expression,  which  connects 
the  dependinq  cn  coordinates  structural  constant  of  refractive  index 
with  the  dispersion  of  the  fluctuations  of  the  logarithm  of  awplitode 
eg  the  axis  of  bean,  is  the  integral  equation  which  can  be  solved 
only  numerically.  For  sufficient  accuracy  and  uniqueness  of  this 
scluticn,  it  is  necessary  to  utilize  special  nathenatical  nethods. 
Thus  far  this  problen  is  not  sclved. 

If  is  known  the  distribution  of  the  structural  constant  of 
refractive  index,  then  after  measuring  the  so-called  space-tine 
correlation  function  of  the  intensity  of  the  world/light,  arriving 
fron  star,  in  principle  it  is  possible  to  find  the  distribution  of 
the  values  of  wind  velocity  with  height/altitude.  Discussion  deals 
with  the  use  of  a  known  phenonenon  of  winking  of  stars  which  each  of 
us  observed  repeatedly.  Protles  this  also  far  net  siaple,  since 
ccsnunicaticn/connecticn  between  values  indicated  above  is  expressed 
by  the  integral  equation,  whitih  yields  cnly  to  nunerical  solution 
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with  this  all  escape/ensu inc  frca  difficulties. 

Together  with  the  diagraas  of  the  investigation  of  the 
turbulence  characteristics  cf  the  ataesphere,  instituted  on  the  use 
cf  statistical  correlation  analysis,  it  is  possible  to  utilize  also 
the  idea,  which  is  based  cn  the  Doppler  effect  cf  the  frequency  of 
the  laser  eaission/radiation,  scattered  by  the  driving/noving 
reflectors  (aerosol  particles,  aclecules,  artificially  introduced  in 
the  a-taosphere  by  adaixtures). 

Page  174. 


The  Dcppler  effect  of  the  eaission  frequency,  reflected  on 
hydreaeteors,  successfully  is  applied  in  radar  for  deteraining 
average  wind  speed  and  its  pulsaticns.  The  cse  cf  this  phenonenon  in 
cptical  wave  band  pronises  a  whole  series  of  advantages.  Due  to  the 
considerably  aore  high  frequency  of  optical  radiation,  with  respect 
qrow/rises  Doppler  frequency  sfift.  In  cptical  range  substantially 
crew/rises  spatial  rescluticn  of  sounding  at  any  tine,  and  to  any  to 
practically  iaportant  fceight/altit ude  is  a  sufficient  quantity  of 
scattering  centers,  are  well  studied  nechanisas,  and  finally  it  is 
possible  with  confidence  to  assune  that  these  scattering  centers  are 
coapletely  carried  along  together  with  air  Basses,  i.e.,  the  rate  of 

their  displaceaent/aoveaent  can  be  considered  as  equivalent  wind 

velocity . 
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However,  to  utilize  the  Doppler  effect  in  optical  range  is 
sufficiently  difficult.  First  cf  all,  it  is  Basked  the  spectrua  of 
the  Doppler  effect  of  eaission  frequency,  caused  the real  agitation  of 
vclecules,  turbulence  and  Brownian  notion  of  the  particles  of  the 
aerosols.  True,  this  difficulty  it  is  pcssifcle  to  avoid  to  a 
considerable  extent,  if  tc  go  on  path  that  of  the  called 
superheteroidal  reception  of  signals,  but  fer  this  they  are  necessary 
lasers  with  large  tine  coherence  and  sufficient  energy.  Thus  far  with 
the  superheteroidal  nethod  it  is  possible  to  achieve  the  distances  of 
sounding  on  the  order  of  IOC  n. 

Finally,  let  us  note  the  possibility  in  principle  of  the  laser 
scunding  of  the  paraneters  cf  atnospheric  turbulence  on  the  basis  of 
the  neasurenents  of  echo  signals,  caused  by  scattering  on  the 
stall-scale  heterogeneities  of  the  turbulent  atnosphere. ;  however, 
even  here  rot  all  is  sinple.  As  show  calculations,  intensity  of  the 
scattered  fron  turtulent  heterogeneities  signal  on  nany  orders  less 
than  during  the  aolecular  scattering  of  laser  enission  on  ruby. 

Page  175. 

At  the  4th  conference  on  the  laser  sounding  of  the  atnosphere. 
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were  heard  two  reports,  dedicated  to  sounding  wind  velocities.  In  one 
case  it  was  conducted  during  tie  use  of  the  Doppler  effect,  in  other 
-  cn  the  basis  of  correlation  statistical  analysis. 

In  both  cases  the  first  experimental  results  testify  to  the 
prospect  of  the  proposed  echo  wethods  of  wind  velocity. 

LASER  SOUNDI HG  OF  THE  ATHCSPHEIE  F FCH  SPACE. 

All  the  examined  above  problems  of  the  laser  sounding  of  the 
atnosphere  fron  the  Earth  virtually  can  be  solved  with  the  aid  of  the 
locator,  placed  on  board  artificial  Earth  satellite  or,  it  is  still 
better,  at  orbiting  space  staticn.  Definite  advantage  of  this 
sounding  -  possibility  of  the  investigation  of  different  atnospheric 
parameters  in  planetary  scale.  In  this  case,  tie  distances  of 
soundinq  noticeably  qrow/rise,  since  energy  of  nomentu a/in  pulse/pulse 
dees  net  attenuate  in  near  kosnos.  From  onboard  of  orbital  station, 
is  open/disclosed  the  possibility  of  sounding  different  parameters  of 
upper  air  to  which  from  the  Earth  virtually  it  cannot  be  reached  due 
tc  the  large  energy  losses,  caused  by  interaction  of  laser  pulse  with 
the  lower  dense  layers  of  the  atnosphere. 


During  sounding  of  the  atmesphere  froi  kosnos,  it  is  easy  to 
deternine  the  upper  cloud  boundary  and  to  investigate  the  dyaanics  of 


DOC  *  78172308 


eigi  rr 


its  variability.  Clouds  theaselves  iapede  sounding  only  subcloud 
layer  of  the  ataosphere.  lith  the  cloudless  atsosphere  the  sounding 
car  be  carried  out  up  to  the  surface  of  the  Barth. 

Pace  176. 

Tt  is  in  parallel  with  sounding  atnospheric  it  is  possible  with  high 
accuracy  to  deters ine  distance  cf  different  points  of  the  earth's 
surface  and  even  -  to  investigate  the  transparency  of  different 
basins.  The  sensitivity  of  sounding  froa  kosaos  will  increase 
substantially,  if  we  in  the  specific  pcint/iteas  on  the  Barth 
establish/install  equi paent/devices  for  the  aethod  of  locating  laser 
pulses.  In  this  diagraa  of  energy  of  one  aoaentua/iapu  Is  e/ pulses, 
completely  it  will  be  sufficient  tc  that  in  order  to  write  continuous 
echo  signal  ca  an  entire  route  froa  laser  at  space  station  to  the 
Earth. 

On  the  path  of  the  practical  cnbodiaent  of  potential 
feasibilities  indicated  above  of  the  laser  sounding  of  the  ataosphere 
frea  space,  will  create  a  series  of  serious,  bet  completely 
surmountable  interferences.  To  the  exaained  previously  difficulties 
of  the  problea  of  the  laser  sounding  of  the  ataosphere  froa  the  Barth 
here  are  added  their  specific,  which  are  first  cf  all  connected  with 
the  even  lew  energy  characteristics  of  lasers  in  recalculation  per 
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the  unit  of  their  Height.  However,  development  of  laser  technology 
rapidly  noves  hope  to  the  fact  that  first  eiperiments  in  the  laser 
sounding  of  the  atmosphere  from  onboard  of  orbiting  space  station 
will  be  carried  out  already  in  the  near  futcre. 

CVALOATICN  OF  THE  POSSIBILITIES  OF  THE  LAS  EC  PCCBE  OF  THE  ATH3SPHERE. 

Hith  an  increase  in  the  distances  cf  the  probed  volumes  of  the 
atmosphere,  sufficiently  rapidly  decreases  the  value  of  the  echo 
signal  cf  laser  pulse  reflected.  This,  mainly,  it  is  caused  by  the 
inverse  proportional  dependence  of  the  value  of  echo  signal  from  the 
square  of  distance  to  scattering  volume.  The  fact  is  that  the  probed 
volume  of  the  atmosphere  scatters  emission/radiation  in  different 
directions  of  space,  and  to  the  receiving  nirrer  of  locator  falls 
caly  its  insignificant  part.  It  is  equal  to  the  ratio/relation  to  the 
area  of  mirror  to  the  area  cf  the  imaginary  sphere  whose  radius  is 
equal  to  distance  of  scattering  volume. 

Cage  177. 

So,  if  the  area  of  receiving  mirror  is  equal  to  1  a*,  then  from 
distances  cf  scattering  volume  1,  10  and  10C  km  it  will  record 
respectively  8«10-*;  8«10'*«;  8«10”»*  by  pertien  scattered  by  the 
vclune  of  energy.  The  numerals  indicated  are  obtained  on  the 
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assumption  that  the  probed  volume  scatters  energy  of  laser  pulse 
evenly  in  different  directions.  But  in  reality  of  the  particle  of 
atmospheric  aerosols  in  backward  direction  scatter  energies  less  than 
cn  the  average  in  different  directions,  besides  the  lssser  than  is 
■  ore  elongated  forward  their  indicatrix  of  scattering,  i.e.,  the 
greater  their  size/dimensio rs  in  comparison  with  the  wavelength  of 
the  scattered  enission/radiation .  During  molecular  scattering  in 
backward  direction,  it  is  scattered  1.5  tines  mere  than  on  the 
average  in  different  directions. 

It  emerges,  the  range  of  laser  locator  depends  substantially  on 
distance  and  cannot  be  boundless.  In  work  it  real  atmosphere,  it  is 
considerably  less  in  comparison  with  theoretically  possible.  The 
actual  range  of  laser  locator  is  determined  by  the  value  of  the  ratio 
of  echo  signal  to  the  signal  of  noise  cr  interference.  The  signal  of 
roise  is  ccmposed  of  noise  signal  of  atmospheric  origin  and  signal  of 
the  inherent  noise  of  radiaticn  detector  (tie  photomultiplier)  . 

Dseful  signal  is  directly  proportional  to  initial  poi  and 
duration  of  emission  impulse,  the  area  of  receiving  mirror,  to 
vclumetric  back-scatter  factor,  to  square  of  the  transparency  of  the 
layer  of  the  atmosphere  between  the  probed  volume  and  the  receiving 
system  and  is  inversely  proportional  to  the  square  of  the  length  of 
this  layer.  Thus,  desiring  to  increase  useful  signal  for  the 
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f ixed/recorded  distance  between  the  scattering  voluae  and  the 
receiver,  we  must  increase  either  energy  of  transnitted  poise  or  area 
of  the  receiving  a irror  (both  of  characteristics  equally  enter  into 
the  equation  cf  location,  i.e.,  an  identical  change  in  each  of  then 
leads  to  one  and  the  sane  a  change  in  the  useful  signal)  . 

Page  178. 

By  the  appropriate  selection  of  the  wavelength  of 
eaissicn/radiation  we  can  decrease  the  action  of  the  factor  of  the 
transparency  of  the  ataosphere  on  useful  signal  and  find  optiaun 
ccaditicns  for  a  vclunetric  back-scatter  factor. 

Noise  signal  of  atnospheric  origin  is  connected  with  scattering 
cf  solar  radiation  in  daytine,  with  night  glow,  with  scattering  of 
the  enission/radiat ion  of  artificial  sources,  including  sounding 
pulse,  in  particular  in  the  lower,  densely  filled  by  aerosol 
particles  layers  of  the  ataosphere.  Its  own  selective 
eaissicn/radiation  of  the  ataosphere  also  affects  noise  signal  of 
atnospheric  origin. 

To  decrease  the  noise  signal  of  atnospheric  origin  it  is 


possible:  1)  after  using  the  narrow-bard  interference  filter  before 
the  radiation  detector  (however  the  narrower  the  filter  pass  band. 
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the  more  difficultly  it  is  to  attain  its  good  transparency);  2) 
decreasing  the  fie ld-of-view  angle  of  the  receiving  systee  (useful 
signal  in  this  case  does  not  change,  but  noise  signal  decreases 
inversely  proportional  to  tie  square  of  the  f  ield-of-vie  w  angle)  . 

The  signal  of  the  noise  of  the  photomultiplier  depends 
substantially  cn  the  quality  of  instrunent  and  on  the  temperature,  at 
which  it  works.  Therefore  during  sounding  of  upper  air  when  useful 
signal  is  obtained  as  a  result,  of  the  statistical  accumulation  of  the 
reflected  from  the  specific  height/altitudes  photons  with  a  large 
quantity  of  sent  emission  impulses,  for  decreasing  the  inherent  noise 
of  receiver,  are  utilized  the  specially  selected  or  prepared  copies 
cf  photoelectric  multipliers  the  strength  of  noise  current  of  which 
car  be  additionally  decreased  because  of  their  cooling. 

Page  179. 

let  us  give  examples  of  ranging  of  the  action  of  some  real  systems  of 
the  laser  sounding  of  the  atmosphere.  Figure  44  depicts  the  rmsults 
cf  the  calculation  of  a  quantity  of  photons  which  are  detected  from 
height/alt itudes  in  range  from  30  to  100  km  by  two  systems  of  the 
laser  locators,  utilized  in  Kingston  valve  cn  janaica,  with  the 
ressage  of  one  laser  pulse  and  transparency  of  the  atmosphere,  equal 
to  70o/o.  The  parameters  of  systems  are  given  in  Table  8. 
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Or  figure  by  solid  lines  are  depicted  dependences  indicated 
above.  It  is  assuaed  that  the  echo  signal  is  fcra/shaped  only  because 
cf  reverse  aclecular  scattering.  Broken  lines  show  the  average  noise 
signal  levels  fron  night  sk  j  (4  and  2  levels  for  the  1st  and  2nd 
systeas) ,  fron  daytiae  sky  for  the  1st  systea  (level  1)  and  the 
signal  cf  the  inherent  noise  of  the  photoaultiplier  (level  3). 
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Fig.  44.  Quantity  of  photons,  detected  froa  height/altitudes  froa  30 
to  100  km  by  two  systeis  cf  laser  locators. 

Key:  (1).  systen.  (2).  signal. 

Tage  180. 

Koise  signals  were  counted  under  the  following  assuaptions:  the 
passband  of  interference  light  filter  was  egual  to  10  A,  the 
f  ield-cf-view  angle  of  receiving  systea  1  arad  (3.4  angular  ainute) , 
the  inherent  noise  of  photoaul tiplier  was  equal  to  100  photons  per 
second  (which  can  be  reached  during  the  apFiopriate  cooling  of 
receiver).  Sas  considered  only  night  glow. 
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It  is  not  difficult  to  note  that  in  the  work  with  the  night  when 
it  is  possible  to  disregard  the  effect  of  the  noise,  caused  by 
artificial  radiation  sources  in  the  aticsphere,  for  the  examined 
systems  noise  factor  dees  net  have  any  significant  influence  at  the 
height/altitudes  below  80  kx.  In  the  daytiwe  cf  system,  they  are 
cperaticnal  cnly  at  height/altitudes  to  20  km.  The  use  of  a  more 
narrow-band  interference  filter,  smaller  field  of  the  view  of 
receiving  system,  and  also  light  polarizing  filters  will  indisputably 
increase  the  ceiling  of  sourdirg:  however,  there  are  no  foundations 
for  expecting  that  it  will  achieve  its  value,  characteristic  for 
night  time. 
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Table  8.  Characteristics  of  the  jaaaica  systeas  of  the  laser  sounding 
of  the  ataosphere. 
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Key:  tl).  the  paraaeters.  (2).  It  is  single,  measurement .  (3). 

systea.  (*» )  .  Pulse  energy.  (S)  .  j.  (6).  photons.  (7).  Area  of 
receiving  antenna.  (8)  .  interval  of  he Jght/altitudes  of  integration 
during  calculation  of  photons.  (8).  Integral  effectiveness 
(efficiency).  (10).  Pulse  repetition  rate.  (11). 
Boaentua/iapulse/pulses  in  hour. 


Page  181. 


Let  us  recall  that  the  depicted  cn  the  figure  guantity  of 
phctOQs,  detected  by  the  detection  systeas  cf  locators  with  the 
veesage  of  one  eaission  iapulses,  is  related  to  2-kiloaeter  intervals 
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cf  height/altitudes.  Thus,  looking  at  figure,  we  can  say  that  at 
height/a  It  itudes  it  is  sore  than  60  kn  for  the  first  and  nore  than  90 
ka  for  the  second  systea  frca  ere  sent  ■oaertua/iapulse/pulse  of 
2-kiloietet  layers  coae  less  than  on  1  photon.  Therefore  confident 
deternining  of  the  probed  characteristics  of  the  ataosphere  is 
possible  with  the  statistical  accumulation  cf  the  photons,  reflected 
fre*  the  appropriate  height/altitudes,  with  the  ness  age  of  a 
sufficient  quantity  of  aoientua/iapulse/pulses .  Table  9  gives  those 
designed  for  the  examined  above  twe  svsteas  of  the  laser  sounding  of 
the  value  cf  a  quantity  of  detected  photons  free  height/altitudes 
froa  «C  to  100  ka  during  the  one-heur  period  of  their  work. 

Ei  ault.aneoc  sly  for  each  of  the  height/altitudes  are  shown  the 
corresponding  aeasurinq  errors. 

Proa  the  table  of  fora,  that  the  1st  systea  per  hour  of  work 
capable  of  carrying  out  a  aeasureaent  with  an  accuracy  to  10o/o  at 
height/altitudes  not  sore  than  70  ka. 
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Table  8.  Quantity  of  detected  photons  for  Jaaaican  systems  of  laser 
sounding. 


40  4500  1.5  1400  000  1,0 

50  750  3,5  240  000  1,0 

60  150  9  48  000  1.0 

70  35  18  10  000  1 ,0 

80  6  40  2  000  2.0 

90  250  6,0 

J000  -  30  20,0 

Key:  (1).  Height/altitude,  kn.  (2).  1st  systea.  (3).  quantitative 
photons.  (4)  .  error,  o/o. 

Page  162. 

Per  sounding  at  high  altitudes  with  the  sane  accuracy,  it  is 
necessary  to  increase  operating  tiae  or  to  decrease  the  f ield-of-viev 
angle,  or  to  increase  the  interval  of  the  height/altitudes,  froa 
vhich  are  suaaarizcd  tie  phetens  reflected.  In  this  case,  it  cannot 
be  forgotten  that  the  accuracy  of  sounding  grow/rises  directly 
proportional  to  square  root  of  the  appropriate  iaproveaent.  so,  if 
operating  tine  is  increased  4  tines,  then  aeascring  errors  decrease 
cvly  2  tines. 

The  2nd  systea  provides  per  hour  of  work  the  accuracy  of 
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measurement  to  lo/o  to  the  helght/altitude  of  70  ka  and  only  at  the 
height/alt itude  of  100  kn  its  accuracy  deteriorates  to  20o/o. 

Let  us  note  that  recently  the  area  of  the  receiving  antenna  of 
lidar  in  Kingston  valve  on  Jamaica  was  led  to  16  a2. 

Let  us  give  soae  considerations  about  advisability  and  prospect 
cf  the  use  cf  a  laser  cn  fluorite  with  dysprosium  (wavelength  of 
eDissicn/radiation  2.36  jt)  for  sounding  upper  atmosphere,  in  this 
case  during  the  em issicn/rad iat ion  cf  the  ptccess  of  the  formation  of 
echo  signal,  reflected  frem  any  height/altitudes,  it  is  possible  to 
disregard  molecular  scattering. 

Let  us  consider  that  tie  volumetric  coefficients  of  aerosol  and 
molecular  scattering  in  the  visible  region  cf  the  spectrum  at 
height /altitudes  of  more  than  60  kn  are  approximately  identical.  This 
completely  corresponds  to  tie  vajority  cf  data,  obtained  by  different 
methods.  Moreover,  these  data  they  indicate  that  the  aerosol 
coefficients  at  the  height/altitudes  indicated  are  more  than 
molecular  ones.  The  sixes  of  the  particles  of  the  aerosols  let  us 
consider  included  between  0.1  and  1.0  ^Land  distributed  according  to 
formula  Toung. 


This  assumption  also  is  based  on  the  appropriate  data,  published 
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in  press/printing. 

In  this  case  volumetric  coefficients  cf  scattering  for 
wavelengths  2.36  and  0.69  ^-differ  for  the  nodel  of  the  particles  of 
the  aerosol  in  question  approximately  U  tires  ( see  Table  6).  For 
laser  enissioq  on  ruby,  this  coefficient  is  lore. 

Page  183. 

But  if  we  exanine  volumetric  back-scatter  factors,  then  as  a  result 
cf  considerably  larger  on  the  average  of  the  elongation  of  the 
indicatrix  of  scattering  of  particles  for  a  wavelength  0.69  jne cho 
signal  fre*  aceent un/ia pulse/pulse  in  wavelength  2.36  Jji will  be 
apyroxiaate  the  sane  as  froa  aonentua/iapulse/pulse  in  wavelength 
0.*9 


Taking  into  accoant  the  Bade  assusyticn  it  is  possible  to 
calculate  the  effectiveness  of  the  work  of  locator  on  laser  in 
wavelength  2.36  ^and  to  coapare  it  with  the  effectiveness  of  the 
exaained  above  systeas  cf  lccatcrs.  Energy  cf  the 

tc lentua/iapulse/pulse  of  laser  on  fluorite  0.0*  J.  If  we  with  this 
laser  replace  ruby  generators  in  the  exaained  above  locating  systeas, 
assuaing  that  all  the  rcaaicing  parameters  reaain  the  saae,  then 
instead  of  the  hour  of  work  for  achievement  of  the  saae  effectiveness 
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will  be  requited  with  respect  to  ICO  and  12  s. 

The  given  calculations,  of  coarse,  bear  very  tentative 
character.  Pub  also  they  shew  the  anconditicnal  advisability  of  the 
creation  of  the  ne  v  laser  probes  of  the  ateosphere  on  the  basis  of 
generator  on  fluorite  with  dysprosius  which,  cut  of  any  doubt,  will 
sake  it  possible  to  investigate  the  reflection  of  enission/radiation 
frea  aerosols,  not  virtually  lurdend  by  the  effect  of  aolecular 
scattering  on  any  to  it  available  height/altitudes,  it  is  obvious, 
the  ceiling  cf  sounding  the  atwosphere  such  locator  will  be 
sufficient  to  high  ones,  if  we  know  how  to  create  radiation  datector 
with  the  paraaeters,  close  to  the  parameters  of  the  photoaultipliers. 

today  the  best  specieen/saaples  of  new  receivers  on  sensitivity 
thus  far  are  inferior  tc  the  phctcsultipliers  approximately  to  1 
order. 

Page  184. 

Let  us  total.  Although  the  laser  sounding  of  the  ataosphere  is 
located  in  the  early  stage  cf  develcpaent,  revertheless  already  it  is 
possible  tc  fpeak  about  practical  results  and  tq  present  at  least  the 
approxiaate  picture  of  the  future  of  laser  atmospheric  probes.  The 
existing  systems  of  the  laser  sounding  of  tie  ataosphere  capable  of 
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sclving  and  to  soae  degree  already  solve  the  following  problems. 

1.  Study  of  stratification  and  relative  density  of  layers  of 
atmospheric  aerosols  and  their  space-tiie  variations  to 
teight/altitude s  on  the  order  of  30  ks  at  any  tiae  of  days. 

2.  Detervinat ion  of  space-tine  cut/sections  of  cont aainat ions  of 
atvospheric  boundary  layer  by  industrial  i spur ity/adsixt ores  and 
iapurity/adsixtures  frca  otter  sources. 

3.  Sounding  density,  teaperature  and  pressure  at 
height/altitudes  f roa  30  to  10C  ka.  Study  of  changes  in  the  dansity 
of  the  upper  air,  caused  tides  and  internal  gravity  waves. 

4.  High-precision  deteraination  of  lower  boundary  of  cloud 
layers;  estiaation  of  liguid-water  content  of  lower  part  of  clouds; 
deteraination  of  vertical  extent  of  clouds  of  low  density,  including 
silver  ones;  sounding  clouds  upper  and  average  of  decks  through 
discontinuity/interruptions  in  cloudiness  of  lover  deck. 

5.  Deternination  of  elevation  profile  of  huaidity  in  lower 
3-4-kiloaeter  layer  of  atnosplere. 

6.  Study  of  distribution  of  the  concentration  of  nitrogen  and 
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oxygen  in  lower  ten-kilcaeter  layer  of  atmosphere. 

7.  Analysis  of  the  concentration  of  atcas  of  sodiua  and  its 
space-time  changes  at  height/altitndes  froa  80  to  100  ka. 

8.  Study  of  concentration  of  soiling  ataospheres  gases  at  least 
about  sources  of  ccntaaination. 

As  yet  there  are  no  these  calculations  of  the  econoaic 
effectiveness  of  the  aethcds  of  the  laser  sounding  of  the  ataosphere* 
tut  already  parely  guantitative  estimations  show  that  these  methods 
will  be  considerably  cheaper  than  the  aircraft*  and  thereby  of  rocket 
scundirg. 

Page  165. 

They  already*  apparently*  are  competitive  with  the  aass  echo  method 
of  the  ataosphere  -  with  the  aid  of  water- filled  spheres  with  the 
suspended/hong  to  thea  radiosondes. 

TIES  INTO  THE  FUTURE. 

As  far  as  future  is  concerned*  is  here  indisputable  one:  the 
laser  sounding  of  different  atacspheric  parameters  has  large 
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prospects.  Indeed  discussion  deals  with  the  f undaaentall y  new  wethod 
cf  the  remote  study  of  different  atmospheric  phenomena  in  the 
teeposphere,  the  stratosphere,  the  eesosphere  and  the  ionosphere.  The 
diverse  lost  interesting  potential  possibilities  of  this  wethod  the 
faster  will  be  personified  into  practice,  the  rather  will  be  decided 
twe  basic  prcblens,  which  directly  affect  the  progress  of  the  renote 
study  of  the  ataosphere  with  the  aid  of  lasers.  Be  bear  in  wind  the 
creation  of  new  locating  systeas  and  the  development  of  the 
mathematical  algorithms  of  the  single- valaed  extraction  of 
information  about  the  atmospheric  parameters  from  the  results  of 
sounding. 

New  laser  locating  systems  first  cf  all  must  be  constructed  with 
the  use  of  an  idea  of  the  nnltifrequency  sounding  of  the  atmosphere. 
This  idea  can  be  realized  either  with  the  aid  of  lasers  with  the 
ieccnstructed  frequency,  or  series  of  lasers  with  discrete 
frequencies.  It  is  possible  that  it  is  necessary  in  one  and  the  same 
system  to  utilize  those  and  other  lasers.  Picture  appears  when 
theorists,  who  develop/process  the  problem  cf  the  single-valued 
extraction  of  information,  call/name  to  the  developers  of  equipment 
the  enumeration  of  the  wavelengths,  necessary  fer  solving  different 
specific  prcblens. 


The  seccpd  important  part  of  the  equipment  problem  is  an 
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increase  in  energy  and  pulse  repetition  frequency.  In  this  case,  an 
increase  in  these  paraneters  oust,  as  a  rule,  cccur  with  the 
Freservaticn/retention/aain+aining  of  the  duration  of  the  eaission 
iapulses  of  the  order  of  several  ten  nacoscccnds,  otherwise  we  will 
lose  in  spatial  resolution. 

Page  186. 

Finally  for  the  realization  of  aany  specific  problems  of  the 
laser  sounding  of  the  ataosphere,  it  is  necessary  to  create  special 
lasers,  whose  giant  pover  and  high  energy  of  eaission  iapulse  are 
coabined  with  narrowness  and  stability  cf  radiation  spectrua. 

Simultaneously  with  an  iaproveaent  in  the  paraaeters  of  lasers 
vust  be  iapreved  and  the  paraaeters  of  receiving  systens,  naaely, 
threshold  sensitivity  and  noise  receiver  responses  of 
eaissicn/radiation ,  the  bandwidth  and  the  transparency  of 
interference  filters.  As  far  as  disaster  is  concerned  of  inlet 
(artenra)  and  of  f ield-of-view  angle,  here  the  question  does  not  deal 
with  the  iaproveaent  of  the  paraaeters,  but  about  the  use  of  their 
advisable  values  durinq  the  scluticn  of  oae  or  the  other  specific 
f tcbleas. 


In  new  locating  systens  nust  widely  be  utilised  the 
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F« lar izaticnal  equipment/de vices,  necessary  both  for  the  extraction 
of  information  from  the  results  of  sounding  and  for  decreasing  the 
interference  effect  of  atmospheric  origin. 

finally,  the  extremely  important  component/link  of  new  systems 
must  become  the  bl ock/mcdule/urit  of  recording  and  operational 
prccessing  of  the  echo  signals  of  laser  pulses  reflected,  which 
includes  equipment /device  for  amplifying  the  signals  proportional  to 
the  square  distance,  pulse- teight  analyzer  cf  the  airf  oi  1/prof  lie  of 
the  intensive  signals,  input  equipment  into  electronic  computer  - 
machine  itself  and  attachment  for  the  conclusicn/der ivation  of  the 
results  of  processing  irfersatien  (for  example,  the  plotter  of  the 
airfcil/prcf i les  of  the  probed  atmospheric  parameters). 

The  problem  of  the  development  of  the  mathematical  algorithms  of 
the  single-valued  extraction  cf  information  about  the  atmospheric 
parameters  from  the  results  of  sounding  is  not  less  complex,  than 
equipment  problem,  although  by  it  are  occupied  the  considerably  more 
■edest  forces. 

Page  ie7. 

Therefore  appears  danger,  that  the  rates  of  the  development  of  the 
laser  sounding  of  the  atmosphere  will  be  at  larger  degree  restrained 
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by  delay  at  the  solution  cf  the  reverse  prcfclea  during  sounding  of 
the  concrete/ specific/ actual  atnospheric  paianeters.  Consequently, 
this  problea  requires  tc  itself  more  considerable  attention  how  by  it 
it  was  given,  until  now. 

Now  we  will  try  to  draw  the  approxinate  qualitative  picture  of 
the  development  of  the  netheds  of  the  laser  sounding  of  the 
ataosphere  in  the  foreseeable  future.  It  is  completely  possible  that 
it  will  seem  excessively  optimistic  in  the  sense  of  the  periods 
(nature  fairly  often  presents  to  the  researchers  of  unexpected 
contingency),  but  the  author  it  would  very  want  to  believe  in  its 
validity. 

As  with  any  forecast/prediction,  let  us  begin  from  the 
characteristic  of  the  problems  whose  scluticn  can  be  expected  in  the 
rear  future,  let  us  say  after  3-5  years.  To  their  number  we  is 
related  following. 

1.  Sounding  stratification  of  aerosol  layers  and  their  relative 
density  at  height/altitudes  is  more  than  30  km. 

2.  Simultaneous  sounding  of  atmosphere  with  use  of  emission 
impulses  with  several  navelengths  for  separation  of  the  components  of 
the  echo  signal,  obliged  to  aerosol  and  aclecular  scattering,  and 
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deterainat  ions  of  elevation  profile  of  aercscl  and  molecular 
coefficients  of  scattering  at  leight /altitudes  to  30  tea. 

3.  De tecainat ion  of  vertical  density  profiles*  teaperature  and 
cf  pressure  at  height/altitudes  to  30  ka  on  basis  of  corresponding 
airfoil/profiles  of  coefficients  of  aclecular  scattering  or  during 
use  cf  pherevena  of  resonance  and  Faaan  scattering. 

4.  Increase  in  ceiling  of  sounding  huaidity  approximately  to 
height/altitude  of  30  kv. 

5.  Deter ain at  ion  of  coefficients  cf  scattering  and  of  effective 
sixes  cf  particles  and  their  variations  with  height/altitude  in  lover 
part  of  clcuds  lover  and  average  of  decks. 

Page  168. 

6.  sounding  lover  and  upper  boundaries*  high- altitude 
airfoil/prefile  of  coefficient  of  scattering  and  optical  thickness  of 
high-level  clouds*  including  ncctilucert  clcuds. 

7.  Determination  of  elevation  profiles  of  concentration  of 
different  atsespheric  gases  on  basis  of  use  of  resonance  absorption 
and  scattering  and  Raaan  scattering  and  lasers  with  reconstructed 
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emission  frequency.  On  the  ceiling  c£  scunding  different  gases  as  yet 
nothing  that  determined  it  is  not  possible  to  say. 

8.  Detailed  investigation  of  contaminations  of  atmospheric  air 
ty  products  cf  indcstrial  activity  of  man. 

With  the  solution  of  the  enumerated  prcblens  will  be 
simultaneously  be  improved  the  xethcds  of  studies  and  raised  the 
accuracy  of  the  determination  of  those  atmospheric  parameters  which 
will  be  probed  at  present,  with  a  sufficient  energy  of  the 
researchers  and  developers  of  equipment  in  the  coming  five-year 
period,  it  is  possible  to  expect  the  appearance  of  the  first 
specimen/samples  of  laser  metecrc lcgica 1  lccatcrs  in  series 
per  f  oriance . 

In  the  following  5-10  years  it  is  possible  to  rely  on  the 
ccnsecutive  solution  of  such  most  complex  problems  as  sounding 
concentration,  refractive  indices,  the  spectra  cf  the  sizes  of  the 
particles  cf  the  atmospheric  aerosols  (clouds,  mist/fogs,  nists, 
residue/settlings)  ,  and  also  the  analysis  of  the  structure  of 
atmospheric  turbulence  and  wind  velocity.  Ore  should  expect  that, 
together  with  the  vide  development  of  the  methods  of  laser  sounding 
from  the  earth/ground,  during  this  period  will  be  begun  the  practical 
ose  of  laser  atmospheric  probes  from  onboard  of  lasting  space  orbital 
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stations.  simultaneousl y  must  appear  the  second  generation  of  laser 
meteorological  locators  -  with  the  operational  processing  of 
measurable  data  and  the  readout  of  sounding  in  the  fora  of  the 
airfoil/profiles  of  the  corresponding  atmospheric  parameters  or  of 
the  significant  figures  of  these  parameters  at  the  specific  standard 
levels  in  the  atmosphere. 

lage  189. 

Depending  on  the  complexity  of  the  solved  problem,  processing  the 
results  of  sounding  can  be  carried  out  by  the  ccaprater,  built  in  into 
laser  locating  system  or  by  the  equipped  communication  channel  with 
arranged/located  elsewhere  computer. 

Further  development  of  the  methods  of  the  remote  sensing  of  the 
atmosphere  with  the  aid  of  lasers  must  lead  to  the  creation  of 
meteorological  laser  locators  with  the  virtually  fully  automated 
cycle  of  work  and  with  remote  control.  The  results  of  sounding  the 
atmosphere  in  suitable  fox  direct  use  during  calculations  of  weather 
forecasts  fora  will  automatically  enter  the  data  processing  centers. 

In  conclusion  let  us  examine  a  question  concerning  the  place  of 
the  laser  sounding  of  the  atmosphere  among  ether  methods  of  the 
remote  determination  of  different  atmospheric  parameters. 
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The  known  at  the  present  tine  Methods  of  the  remote  sensing  of 
the  atmosphere  it  is  possible  to  divide  into  four  types:  the 
acoustic,  microwave,  laser,  passive  sounding  of  the  atnospheric 
parameters  cn  the  octgcing  into  kosmos  eaission/radiat  ion.  hot  one  of 
them  it  is  not  possible  to  call/nane  universal.  In  each  exist  their 
pluses  and  minuses,  and,  logically,  they  will  supplement  each  other. 
Hcvever,  in  a  quantity  of  potential  possibilities  of  sounding 
different  atnospheric  parameters  the  methods  of  laser  sounding, 
undoubtedly  they  will  cost  cn  the  first  place.  This  is  explained  by 
the  fact  that  interaction  of  optical  waves  with  atoms  and  molecules 
of  atmospheric  gases,  «ith  the  particles  of  atmospheric  aerosols, 
with  the  heter cgeneities  of  the  turbulent  atmosphere  is  accompanied 
by  the  wide  spectrum  of  the  diverse  easily  recorded  phenomena. 

However,  in  the  laser  eourding  of  the  atmosphere,  exists  one 
very  essential  deficiency/lack:  with  the  overcast  the  ceiling  of 
sounding  from  the  farth  is  limited  by  cloud  height,  and  therefore 
method  proves  to  be  all-weather. 

Page  190. 


The  overccning  of  the  deficiency  /lack  indicated  can  go,  at 
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least,  in  two  directions:  the  simultaneous  sounding  of  the  atnosphere 
free  the  Earth  and  frcm  kosnos  and  sounding  through  the  clear  channel 
in  cloud,  obtained  under  the  irfluence  cf  high-power  laser  pulse  or 
pulse  train  directly  before  the  message  of  sounding  pulse.  Both  of 
paths  (especially  first)  are  ccnpletely  premising,  although  about 
their  practical  realization  it  passes  considerable  tine. 

One  should  emphasize  that  it  would  be  the  as  unpardonable 
fallacy  consider  that  the  methods  of  the  laser  sounding  of  the 
attcspheric  parameters  of  screens  all  problems  of  the  investigation 
of  the  atnosphere.  It  goes  without  saying,  their  introduction  into 
practice  will  lead  to  the  incontrovertible  progress  in  the  study  of 
manifold  atmospheric  phenomena.  Unquestionable  that  on  the  way  of 
achieving  this  progress  it  is  necessary  to  overcome  many 
difficulties . 

Finally ,, several  words  abcut  the  cost  indices  of  different  types 
cf  the  remote  sensing  of  the  atmosphere.  Although  all  methods  are 
located  in  the  stage  of  developments  and  still  early  news  the 
corresponding  economic  calculations,  nevertheless  it  is  important  to 
emphasize  that  the  laser  sounding  of  the  atmosphere  according  to  cost 
indices  is  completely  competitive  with  all  ether  methods  of  the 
remote  investigati cn  of  the  atmospheric  parameters.  To  the 
competence/validit y  of  this  ccnf irmaticn,  testifies  rapid  development 
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of  laser  technology  and  connected  with  it  systematic  redaction  in  its 
cost/walue. 

The  rapid  progress  of  guantum  electronics,  witnesses  of  which  we 
are,  causes  the  progress  of  the  development  of  the  methods  of  the 
laser  soanding  of  the  atmosphere.  In  the  near  future  these  methods 
will  engage  their  worthy  place  in  the  aanifcld  study  program  of  the 
atmosphere,  realized  only  by  scientific,  but  also  specialists  of  the 
vide  network  of  hydrometeorological  stations. 

Fage  191. 
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